A A

SYSTEMS

Environmental, Safety,
and Health (ESH) Cost

Analysis Guide

A Guide for Developing, Using,
and Supporting Communities

22 May 1998

Prepared for Prepared by

Air Force Materiel Command EER Systems Inc.
Wright-Patterson Air Force Base, OH El Segundo, CA




ESH Cost Analysis Guide

Foreword

This Guide has been prepared as an AFMC discretionary document for use by members of the
Environmental, Safety, and Heath (ESH), Engineering, and Financial Management Communities that
need to identify, treat or use ESH costs in system decison making. Ms. Mary Helen Alverio of the Air
Force Space and Missile Systems Center (SMC) served as the Government project director. EER
Systems prepared the ESH Cost Analysis Guide under contract F04701-95-D-0002, Delivery Order 0021.
The EER team of Mr. Gerald B. Kos (Program Manager), Mr. Charlie Purvis, and Mr. James E. Ivie
developed the Guide for the Air Force Space and Missile Systems Center with funding and direction from
HQ AFMC/DRIE.

The approach taken in developing this handbook was to use the 1996 SMC ESH Management and Cost
Handbook as a point of departure. Since the ESH Management and Cost Handbook was published,
several excellent guides on ESH management have been published. These documents are referenced and
the emphasis of the Guide is now focused on cost estimating methodologies and the identification and
trestment of ESH cost data. Responsibility for this document is with the financia management
community (AFMC/FMC).

This effort was related to three previous tasks funded by SMC. The first was an initial study (FO4701-90-
D-0003, Delivery Order 0017) performed in 1994 entitled, Hazardous Material Study: Background
Information Collection. That study provided an overview of the various regulations that impact the
acquisition of weapon systems, the environmental considerations that are tied to acquisition milestones
and phases, the process for implementing a pollution prevention program, and a summary of the cost
estimator’s roles and responsihilities during those processes. The second task prepared the predecessor
handbook, the Environmental Cost Handbook (F04701-95-D-0002, Delivery Order 0001). In the third
task, the Environmental, Safety, and Health (ESH) Management and Cost Handbook was developed in
response to growing ESH regulations and increased need to have visibility into system ESH costs.

This product could not have been completed without the openness and cheerful support provided by the
personnel and organizations listed in Appendix O.

The point of contact for questions, comments and suggestions regarding this Guide should be directed to
SMC/FMC Ms. Mary Helen Alverio at 310-363-2822. Faxes may be sent to 310-363-3518. Ms. Alverio
may also be reached at her Internet address, mary.alverio@losangeles.af.mil. In the event that Ms.
Alverio may not be reached, contact Mr. Gerald Kos at 310-322-2682. His Internet address is
kosgb@aol .com.
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Preface

In the Pollution Prevention Act of 1990, Congress stated that, there are significant opportunities for
industry to reduce or prevent pollution at the source through cost-effective changes in production,
operation, and raw materials use. Such changes offer industry substantial savings in reduced raw
material, pollution control, and liability costs as well as help protect the environment and reduce risks to
worker health and safety.

In September 1993, the National Performance Review pointed out that most federal decision-makers do
not have access to environmental cost and benefit information. The review further concluded that
environmental costs are obscured by placing them in overhead categories or group accounts rather than
associating them with the category or account responsible for generating the environmental costs. The
need for accounting concepts that enable managers to uncover the hidden costs of environmental
degradation and regulatory compliance was emphasized throughout the report.

Since the National Performance Review, cost estimating and analysis has become a vital part of the
Environmental, Safety, and Health (ESH) decision making process for Department of Defense (DoD)
weapon system acquisition. Compliance regulations are imposing challenges to the acquisition of new
systems. Critical decisions regarding ESH issues must be made in each phase of the acquisition process.
In addition, today’s processes and business practices are being carefully examined and alternatives
explored to reduce the cost of ownership of current systems. Reductions in the cost of ownership of
current systems may be the financial key to affording the development and production of needed new
systems. The timeliness, accuracy and consistency of ESH cost data will influence the quality of those
decisions.

The requirements to identify and address ESH costs in the life cycle of systems are contained in ESH,
Systems Engineering and Financial Management Guidance. This Guide takes that guidance and translates
it into procedures, methods, and techniques so that the reader will be able to develop those processes and
documents necessary to address ESH costs during the life of a system.

The purpose of the Guide is to provide the cost analyst processes to assure all ESH costs are included in
the weapon system Program Cost Estimate (PCE) and trade studies supporting design alternatives. This
will help support program decisions that are based upon sound cost data and to prevent ESH related
delays in program planning and execution.
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Executive Summary

This Guide seeks to bring together in one document all ESH cost estimating related requirements and
processes. Figure 1, on the following page, shows how the ESH Cost Analysis Guide brings together the
ESH related requirements in the ESH speciaties, Systems Engineering principles, and Financia
Management policies and procedures. The right side of the figure shows some applications of the Guide
that support sound decision-making processes for the Single Manager (SM).

The Guide has two primary parts. ESH information and ESH Cost Estimating. Part One, ESH
Information, consists of two sections. Section one provides an overview of ESH management
information that a cost analyst will need for ESH cost estimating efforts. This involves providing the
background history and defining ESH Management and ESH Cost. Section two informs the cost analyst
of the major ESH activities, by phase, over the life cycle of aweapon system.

Part Two, ESH Cost Estimating, is aso broken into two sections. Section one discusses the basic cost
estimating concepts that include ESH cost estimating requirements, objectives, and activities. Section
two reviews the cost estimating common processes and their application to ESH cost estimating.

The appendices of this document furnish reference material that is very helpful to the cost analyst recently
introduced to ESH cost estimating. Appendices A and B provide the cost analyst samples and examples
of program cost estimates (PCEs) and trade studies that incorporate ESH costs within the cost estimating
common process illustrated in Part Two. PCE examples are provided for a Delta Launch Vehicle, Fighter
Aircraft, Global Positioning System (GPS) space vehicle, Radar Program, and Satellite Communications
Terminal. Trade study examples are provided for a Hush House Fire Suppression System, Coating
Remova Processes for Helicopter Remanufacture, Canopy Replacement for the F-15E, Replacing
Cadmium Plating with IVD Aluminum Coating for Corrosion protection, and CFC-114 Refrigerant
Replacement Study. Other key information provided in the appendices includes a glossary of ESH terms
and definitions, a summary of ESH related laws and regulations and their impact to the single manager,
functional support organizations for the cost analyst, an enhanced ESH Work Breakdown Structure
(WBYS), cost identifying questions by topic and organization/function, potential ESH cost estimating tools,
and a discussion about the potential use of Activity-Based Costing (ABC) / Activity-Based Management
(ABM) with ESH cost estimating.

Excellent ESH Management material is available in severa documents to supplement this Guide. The
Electronics Systems Center (ESC) developed Tactical Environmental, Safety and Health Action Guide
(TEAG), published in the Fall of 1997 and updated periodically on the Internet, addresses key documents,
processes, and activities in the acquisition life cycle. The intended audience is program office personnel.
The ESC developed Weapon System Environmental, Safety and Health Evaluation Development Guide
for Single Managers, November 1996, defines the process for periodically evaluating the ESH impacts,
issues, and concerns of programs to remain compliant with DoD 5000.2-R. The Air Force Space and
Missile Systems Center (SMC) prepared an ESH Management and Cost Handbook in September 1996.
While some of the references in that Handbook are dated, the responsibilities of developing, using, and
supporting communities are unchanged and the descriptions of activities are still valuable. The cost
analyst should find these documents helpful to compliment their understanding of ESH issues.
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DoD 5000.2-R, AFI 32-7086, DoDD 4210.15, DoDD 4715.1
AFI 91- - i i

ESH Directives, Policies & Procedures

DoDI 4715.9, AFFARS 5323.3, USC Title 42, MIL-STD-882
NAS 411, DoDD 6050.1, Tactical ESH Action Guide

Defense Acquisition DeskBook, DoDD 5000.1,
DoDD 5000.2-R (4.3.7)

Systems Engineering Principles
EIA Standard 632, |EEE Standard 1220

DODD 5000:4-M--AFE-65-508; - AFNM-CH 20 oo
AFI 65-503

Financial Management Directives

DoD 5000.4, DUSD(A&T) Memo, USC Title 10
DoD 5000.2-R (3.5.1 and 5.6)
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Part One - ESH Information
Section 1 - Introduction to ESH
Management
Section 2 — ESH Across the Acquisition
Life Cycle
Part Two — ESH Cost Estimating
Section 1 — Cost Estimating Concepts
Section 2 — Cost Estimating Common
Process
Defining and Planning Estimate
Establish Technical Baseline
Determine WBS
Specify Estimating M ethodol ogy
Data Sources
Data Collection
Data Evaluation
Select Estimating Methodol ogy
Plan for Tool Use & Availability
Risk Assessments
Cost Sensitivity Analysis
Appendices
Program Cost Estimate Examples
Trade Study Examples
Acronyms, Terms, & Definitions
DoD 5000.2-R References
Summary of ESH Laws, EOs, and Regs
ESH Support Organizations
ESH Enhanced WBS
ESH Questions for the Cost Analyst
ABC/ABM
Potential Cost Estimating Tools

&

References, Credits /

Identification and use of ESH costsin
decision making is required by the above

The procedures, methods and examples are
contained in the ESH Cost Analysis Guide

Figure 1, Guide Interfaces

*POM Estimates **

*ESH Return of Investment Estimates*
*Integrated Master Plans

*Integrated Master Schedules
*Programmatic ESH Evaluation
*Single Acquisition Master Plan
*Engineering Trade Studies*
*Analysis of Alternatives

*Program Cost Estimates **

*Depot Rate Build-ups **

* = Key to cost savings
** = Key to avoiding cost surprises

So that the above documents and
processes will enable sound
decision making
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Part One - ESH Information

Section One - Introduction to ESH Management

The need for ESH Management is derived from Department of Defense Regulation 5000.2-R, Mandatory
Procedures for Major Defense Acquisition Programs (MDAPS) and Major Automated Information System
(MAIS) Acquisition Programs, 07 October 1997. Section 4.3.7, Environmental, Safety, and Health, of
5000.2-R states that all programs, regardiess of acquisition category, shall comply with the following
elements (1) National Environmental Policy Act, (2) Environmental Compliance, (3) System Safety and
Health, (4) Hazardous Materials and (5) Pollution Prevention as described in the regulation. In addition,
all programs shall also be conducted in accordance with applicable federal, state, interstate, and local
environmental laws and regulations, Executive Orders (EOs), treaties, and agreements (see Appendix F
for asummary of these laws, regulations, etc.). For the complete reference of Section 4.3.7, see Appendix
E of this document.

Introduction to the Terms “ESH Management” and “ESH Cost”

It is important to point out to readers that the transition of terms and definitions from “environmental” to
“ESH” is dtill not complete. Policies and directives three or more years old may use the term
“environmental” but current practical application is to associate the more global meaning of ESH with
that term. There will be locations in this Guide where the term “environmental” is used and it would
appear that “ESH” should be used instead. Where citing or referencing older documents, the term in the
cited document, rather than “ESH”, will be used. There will also be locations where the term “ESH” is
used but the material associated with the term is limited to “environmental”. These uses reflect the
AFMC intent to expand the subject to ESH. Another acronym that may be used interchangeably with
ESH is ESOH where the added letter stands for “ Occupationa”.

ESH Management
ESH Management is defined in this Guide as:

The application of management activities on the collective specialties of Environmental, Safety, and
Health with an emphasis on the reduction of the total life cycle costs consistent with DoD and Air Force
objectives. Severa points are implicit in the definition. One is that the focus is on the collective
specialties, not one at the expense of the other. Second, reduction of life cycle costsistotal costs, not just
those associated with ESH. For example, a reduction in pollution emissions that significantly drives up
operating and support costs or reduces readiness is not a sound management decision. Finaly, there are
goals and objectives within DoD and the Air Force for ESH that must be taken into consideration. For
example, the DoD may be willing to accept increased costs in specified areas to become a better neighbor
to the civilian community from an ESH perspective. Therefore, while a cost benefit analysis is useful, it
may not be the only determining factor.

ESH Management focuses on understanding the requirements, identifying the issues, evauating
aternatives, and managing their implementation.

Environmental Security is at the top of the ESH pyramid as described in DoD Directive 4715.1.
Environmental Security is defined in that directive as including environmental, safety, and health
activities. The cornerstone policy is for environmental security leadership within DoD activities
demonstrated by a series of proactive measures. DoD has stated intent to comply with applicable statutes,
executive orders, agreements, regulations and other legal requirements and integrate these factors into the
DoD decision-making processes. Environmental, safety, and health values will additionally be integrated

3
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into DoD acquisition, procurement, test, maintenance, repair, and disposal processes for systems,
equipment, facilities, and land. The 32-, 48-, and 91- series Air Force Policy Directives (AFPD) and Air
Force Instructions (AFI) address ESH areas.

DoD Occupational Safety and Health (OSH) Program guidance is provided by DoD Instruction 6055.1.
Part of this guidance includes the requirement to implement OSH standards and apply them where
appropriate in the acquisition, design, or ateration of new or upgraded systems and equipment.
Inspections, correction of conditions, and reporting are the key features of safety programs.

The term ESH embraces environmenta, safety, and health. The relationship between environmental,
safety, and health is shown in Figure 2. Environmental issues focus on compliance, hazardous materials
management, pollution prevention, conservation, and restoration. Safety issues focus on system safety,
operational safety, and the elimination of fire and equipment hazards. Health issues focus on the
detection and protection from chemical, biological, physical, and radiation hazards. The three élipsesin
Figure 2 show where several issues impact all three areas. Eliminating a hazardous material (such as
Beryllium from a launch vehicle) prevents chemical hazards, reduces the need for safety equipment,
eliminates monitoring and record keeping, reduces specialized training, and eliminates unique storage,
treatment, and disposal.

Environmental Hedlth

Pollution Prevention

Hazardous Material Management

Remediation

Figure 2, ESH Commonality

There are severa ESH management issues that may surface in a weapon system acquisition. Program
Managers must be aware of the ESH risks that can result from program actions including test,
maintenance, beddown, operation, demilitarization, and disposal. Program Managers need to be sensitive
to the program risks that may be posed by changing ESH laws. Within the safety area, the emphasis
remains the man-machine and system-to-system interfaces but broader safety issues such as insensitive
munitions and the safe deactivation and disposal of munitions are also being addressed. Within the health
area, specific persona health risk issues and broad community-right-to know requirements need to be
addressed. Whether the ESH risks are environmental, safety, or health, the method described in the
System Safety Program Requirements (MIL-STD-882C) for assessing the probability of occurrence
against severity isuseful in ESH risk management.

The significant ESH issues that need to be addressed should not overwhelm program offices developing
weapon systems. Each magjor facility has a staff of certified and trained ESH specialists ready to assist
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you. All you need to do is ask. The lists of functional support organizations that may be useful to the
cost analyst are shown in Appendix G.

Sound Early Decision Making Is Key To ESH Success

ESH management is like acquisition logistics in that early design influence is often the most effective.
The figure below illustrates this point. The greatest ESH influence in a system comes early in the life
cycle when designs are fluid. Thisiswhy participation by all personnel concerned with ESH issuesis so
critical early in the program. Changes and corrections initiated later in the life cycle are likely to be more
costly than those implemented prior to production and deployment. After hardware designs have been
finalized, production begun or even completed, modifications or corrections will require costly redesign,
removal, replacement, or retrofit.

A theme being stressed throughout the Department of Defense is that programs can reduce their total life
cycle costs and maintain readiness through the application of sound business decisions. The figure below
shows that inputs to sound business decisions include customer requirements, ESH skills on the decision
team, resources, processes and technology. Bringing al of the factors into play and making sound
business decisions can result in improved system performance and reduced overall life cycle cost.

Resources

» Improved Performance
Customer
Requirements ‘ Apply Good » Reduced Cost
Business

Decisions

1

Technology

ESH Skills

Figure 3, ESH Sound Business Practices

ESH Management: An Integral Part Of Systems Engineering

DoD 5000.2-R requires that Program Managers ensure that a system engineering process is used to
translate operational needs and/or requirements into a system solution that includes the design,
manufacturing, test and evaluation, and support processes and products. More than one major defense
contractor’'s systems engineering methodology handbook echoes the principa that the design,
development, and production of a system requires integration across all engineering and programmatic
disciplines. Similarly, DoD 5000.2-R, Section 4.3.7, requires ESH to be integrated into the systems
engineering process. There are severa reasons why the use of the systems engineering process is
preferred. Personnel understand that process as it is used to integrate such specialties as logistics, safety,
and security. The systems engineering process trandates operational requirements into technical
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requirements. These technical requirements form the basis of engineering trade studies. Findly, it is
simply more efficient than inventing a separate method for integrating this critical subject. For example,
a SMC, a series of Critical Process Assessment Tools (CPATS) are available to support project officers
and project engineers. CPATS have been prepared for Program Management, Systems Engineering, and
ESH. The ESH CPAT was completed in May 1997 and provides an extremely thorough description of
the ESH process and includes questions for measuring progress. All CPATSs are available in the Defense
Acquisition Deskbook.

ESH Cost

ESH Cost focuses on estimating and analyzing cost associated with or driven by ESH issues and then
using that information to support sound system and program decisions. ESH costs are normally a
minimal part of the initial acquisition costs but can be a significant cost when viewed over the life cycle
of asystem. Thus, the estimating of ESH life cycle costs during system acquisition is especially critical.
While the magnitude of the ESH portion of weapon system life cycle costs (LCCs) for systems such as
tactical aircraft should not be a major cost driver of total LCC, other elements/projects such as chemical
munitions, may be significant, especially when demilitarization and safe disposal costs are included. The
General Accounting Office (GAO) has estimated that the total future cost to complete cleanups at Federal
sites is amost $400 billion (GAO/RCED-96-150). The DoD Inspector General (IG) has estimated that
more than 80 percent of the hazardous wastes generated by the DoD are industrial wastes associated with
the production, operation, and maintenance of DoD weapon systems (SAF/AQ ESH Tutoria, March
1996). Industry experience has shown that the average cost ratio of a Hazardous Material (HAZMAT) to
the costs for handling, treating, and disposal of wasteis 1:80 (SAF/AQ ESH Tutorial, March 1996).

Sometimes the terms and definitions associated with ESH costs can appear confusing. The Venn diagram
on the following page (Figure 4) is useful for explaining ESH costs. Consider the final phase of
acquisition. ESH costs may be thought of as a subset of the total costs accrued by a system in that
acquisition phase. ESH costs can be sub-divided into Environmental, Safety, and Health categories. Sub-
categories within ESH costs include but are not limited to pollution prevention (PP), compliance, and
hazardous materials (HAZMATS) management. Let’s look at some examples of costs to see where they
would be placed on this diagram:

ESH Cost Sample:

A. Consider base weekly trash service throughout the maintenance area. This is normally an
operating and support cost. Since it is not driven by any specific weapon system environmental
requirement, it could be excluded from ESH costs.

B. Consider that because several toxic chemicals are used in the mantenance area, an
occupational health survey of the maintenance areas is required yearly. The cost of the survey
would be an example of a Hedth cost within ESH. If the use of the chemicals require
engineering controls, personal protective egquipment, and/or training and medical surveillance of
the workers, then these would also be Health costs.
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/ Program Definition and Risk Reduction Costs \
| / Engineering Manufacturing Devel opment Costs \
/ Production Deployment Operations and Support Costs \
|

Environmental

Compliance

Figure 4, ESH Costs

C. Suppose that as part of the system being deployed, a new base or base facility is required.
Construction of the facility requires an Environmental Impact Statement (EIS). The EIS is
required by federal regulations and could be considered an environmental compliance cost under
the category of ESH costs.

D. Going back to the maintenance area again, consider the lead acid battery maintenance area
Several chemicals require specia disposal or recycling costs. The cost to dispose or recycle the
acid and lead plates could be considered hazardous material costs under ESH costs.

E. Consider now the need to provide an oil separator for the maintenance area. The oil separator
is used to separate oil that gets washed into the drains in the repair areas and wash racks. Since
this device prevents pollution, its procurement/purchase cost could be alocated to pollution
prevention.

F. Finally, consider a modification that is required on the hydrazine tank farm. This is where
hydrazine is stored and hydrazine bottles are checked and refilled. A modification to the facility
may require an EIS (compliance cost), hazardous material management cost, and potentially a
pollution prevention cost.

The examples above are just a few of many possible views of ESH costs. By forming a concept of ESH
costs within the system life cycle and then breaking the cost categories down to lower levels, cost anaysts
will become more sensitive to detecting the ESH costs.
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Affordability of systemsis an Air Force leadership concern when assessing programs. It is usually arisk
based milestone decision that considers the program cost in comparison to a number of parameters, such
as.

What the service believesis a reasonable cost for the capability anticipated;

What the service believes the leadership (President, Secretary of Defense, and Congress) will
support;

How the service fedls about the level of technical and schedule risks; and

How the service feels about the level of cost risk associated with the accuracy and
completeness of the programs’ estimates.

Note that the last parameter is not, "What the cost figure is' as much asit is, "Do we have a reasonable
handle on how we came to the cost figure. Each program office needs to present objective, complete,
and accurate cost data for the leadership to make informed management decisions. The concept of low
bidding (sometimes called "buying-in") based on incomplete or inaccurate cost data (whether intentional
or not) has in the past, led to cost overruns, program dippage, program cancellations, and external
scrutiny. Organizations like the Office of the Secretary of Defense Program Analysis and Evaluation
(OSD/PA&E) and the Cost Analysis Improvement Group (CAIG) were formed to provide independent
assessments as input to the affordability issue. Asthe DoD budget shrinks, sound management decisions
become increasingly important. Decision-makers may be tempted to trade-off even more operationa
performance in favor of lower costs. More than ever the Defense Department leadership is relying on
program offices to provide complete life cycle costs. Unforeseen costs cropping up later in the field isno
longer solved by going back to the Congressional "money-well". Today, the bills come directly out of the
ever-shrinking operating costs. It is this potential impact on operational readiness that is driving the Air
Staff to bring the User closer to the acquisition decision making process. The Air Staff believes the real
stakeholders must be in the data loop and each program office must properly address significant life cycle
costs (i.e., operation, support and disposal).

Industry leaders have determined that to remain viable in an ever-increasing competitive market, they
must get a handle on making better corporate decisions with respect to their cost centers and their
product-lines. The industry solution includes educating the somewhat autonomous cost center managers
to realize they do impact the wellness of the overall corporate cost situation and demonstrating corporate
resolve by rewarding or penaizing individual cost center managers based on their input to the
corporation. Based on comments from industry members on the Defense Science Board Panel on
Logistics, industry has not burdened itself with complicated computer cost models but rather has taken a
more empirical approach based on audits and experience. Typically the metrics that industry uses are
sales recognized, profit, and productivity. Affordability in industry is usually a short term risk analysisto
determine if the corporate investments (product research and development (R& D), product prototyping,
tooling, and manufacturing costs) will be sufficiently outweighed by the performance of the cost center
and its product line. Within the Air Force acquisition community, there is realization that sound
accounting practices and good judgment (based on experience) can produce sound cost based decisions.
Single Managers are the front line troops in the control of system ESH life cycle costs.

ESH Cost Defined

A precise definition of the term “ESH Cost” is very useful to the cost analyst. The next three pages recap
where the AFMC ESH and financia communities are in the development of a precise definition.
Background information will be provided for readers that are not familiar with the research performed
over the past two years on the subject. Finally, a definition will be offered for financial management
community adoption.
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Definition History

There are two primary drivers for defining ESH costs. The first is a Congressional mandate, Public Law
103-337, Section 815, Environmental Consequence Analysis of Major Defense Acquisition Programs. It
states, “The Secretary of Defense shall issue guidance to apply uniformly throughout the Department of
Defense regarding how to analyze, as early in the process as feasible, the life-cycle environmenta costs
for such Major Defense Acquisition Programs, including the materials to be used, the mode of operations
and maintenance, requirements for demilitarization, and methods of disposal, after consideration of all
pollution prevention opportunities and in light of all environmental mitigation measures to which the
Department expressly commits.” The second is Department of Defense Regulation 5000.2-R, Mandatory
Procedures for Mgor Defense Acquistion Programs (MDAPs) and Major Automated information System
(MAIYS) Acquisition Programs, Section 4.3.7, Environmental, Safety, and Health, which was discussed at
the beginning of Part One.

In addition to the two primary drivers, there are also other requirements that impact the estimating of ESH
costs. Appendix F provides the cost analyst a brief summary, description, and impact to the
program/single manager of the ESH laws, executive orders, DoD requirements, and Air Force
requirements they may encounter.

The development of this ESH cost analysis guide is an effort to provide the Air Force costing community
with a process for addressing the ESH requirements imposed on them from Congress, DoD, and the Air
Force.

Various Interpretations of ESH Cost

The spectrum of definition interpretation is significant. A narrow interpretation of ESH costs are those
program delta ESH costs that are driven by specific ESH requirements. Examples are provided below to
show this narrow interpretation:

A federal law requires that an Ozone Depleting Substance (ODS) used for weapon system
maintenance be phased out. A study to identify and test an alternative, ingtitute the change in
technical orders, and the delta cost of the adternative over the current substance would be ESH costs.
This example focuses on delta program costs

A base elects to implement a recycling program that is not required by regulations or directives.
There is a cost to implement this program. While the program is an excellent ideg, it is not required
by directives, therefore thisis not an ESH cost. This example focuses on specific ESH requirements.

The manning of a base safety office must be increased due to the addition of a flying unit at the
installation (i.e., B-2 at Whiteman AFB). The additional manning in the base safety office is an ESH
cost. This example focuses on delta program costs.

In the interest of efficient management of pollution efforts, a command staff organization is
established to manage pollution prevention initiative common to more that one weapon system and to
develop needed new technologies. This would not be an ESH program cost. This example focuses
on program cost.

A very broad interpretation of ESH costs would be to allocate all ESH costs within the Air Force to
weapon systems. Another broad interpretation would be to trace each ESH activity or cost-causing event
to every related cost. Examples are provided below to show these broad interpretations:

An airman drives a truck in an unsafe manner under the wing of an aircraft. The top of the truck
strikes the aircraft. The truck and aircraft are both damaged. The incident is investigated and a safety
report prepared. The airman is punished and replaced. Another warning is added to the dash of all
flightline vehicles. The airplane and vehicles are repaired. The cost to repair the aircraft and truck,
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the cost of manpower for the investigation, the Permanent Change of Station (PCS) costs for a
replacement technician, and the warning placard are all weapon system program ESH costs. This
example shows tracing the event to every related cost.

A hazardous material pharmacy system is implemented on a base. Maintenance personnel must man
the pharmacy 24 hours per day. The cost of manning the pharmacy could be included as an ESH cost
under the broad interpretation. This example shows an ESH cost traced to a system. This can be
contrasted with a narrow interpretation that says since the maintenance organization received no
additional personnel slots for the pharmacy requirement, there are no ESH costs for a pharmacy
system.

Reguirements For The ESH Cost Definition

Before trying to refine the ESH cost definition, it is important to remember what problem we are trying to
solve. First, why do we need a definition? The concern about ESH costs is that we have not been very
successful accurately estimating ESH costs during the operating and support years of our weapon
systems. We have underestimated ESH LCC for several reasons, some beyond our control. We have not
estimated the growth and expansion of regulations and laws that have caused many of our ESH costs.
The banning of Ozone Depleting Substances (ODSs) is an excellent example of our not taking into
consideration future events that have impacted ESH costs.

In addition to changing regulations, we have not been very good at identifying and estimating the impact
of ESH cost drivers on systems. For example, consider the use of a hazardous material in a maintenance
activity. There are potential associated costs with personal protective equipment, training, health
monitoring, and administrative activities such as planning and reporting. We are now just starting to
realize the total life cycle cost impact from the use of a particular hazardous material with a system.

While we cannot accurately foresee and estimate the ESH costs driven by legislation, we can certainly do
better at understanding and estimating the impact of ESH decisions during the design process. That is the
foremost concern of ESH cost estimating today.

Secondly, who needs a definition? The definition of ESH costs should consider the use and users of those
cost values. There are several participants.

Financial Management personnel need a definition that applies well in the preparation of program
cost estimates and trade studies. It should permit the construction of an ESH cost data dictionary.

ESH specialists need a definition that is narrow enough so that it aligns with their area of
responsibility. They should be able to read the source material and validate that the item is an ESH
cost.

The developing community (systems engineers) needs a definition that is narrow enough for their
span of design control. They should be able to construct a trade study within the definition of the
ESH costs.

Other Considerations

The traditional method for cost estimating is to define, as required, the items to be estimated and then cost
the item(s) using accepted methodologies. ESH cost estimating should not be any different. There are
several documents that the cost analyst will use to understand the item to be estimated. Understanding
how programs are described in such documents as the Cost Analysis Requirement Description (CARD),
Operational Requirements Document (ORD), or System Specification will help the cost analyst
understand the ESH cost definition. Risk, as a subject, should be included in the definition. If the
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consequence of risk is quantifiable, consider the cost. Finaly, attrition through ESH related risks needs to
be considered in the definition.

ESH Cost Defined For The Cost Analyst
Based upon the discussion above, this Guide will use the following as the definition for ESH Cost:

ESH costs are subsets of program life cycle costs that have an established relationship
with the three systems engineering specialties of environmental management, safety, and
occupational health. The costs incurred could be Air Force costs outside of the program’s
direct costs. These costs are typically considered the cost of infrastructure and as such
impacts in these areas either directly or indirectly resulting from the Single Manager’s
(SMs) decisions are not considered in the decison making process. SMs and cost
analysts need to approach life cycle costing from a perspective of Total Ownership Costs.
An example includes the impact on the base clinic when a SM selects a plating process
that requires shop and field personnel to undergo medical surveillance. The SM cannot
make a fully informed decision if these indirect costs are not considered. Other potential
examples include the cost of personal protection equipment and associated lost
productivity, medical treatment and disability costs associated with exposure to
hazardous materials, projected equipment loss and personnel injury costs associated with
identified system safety and health hazards, special training to protect First Respondersin
cases of system accidents, fires, and potential exposures to pyrolysis products. ESH costs
for program cost estimates have the same burden for inclusion as other costs. Refer to
the guidance for program costs estimates for these rules. ESH costs for trade studies have
the same relational requirement to the specialties as in the case of program cost estimates.
Once identified, these costs are filtered and only those that are sensitive to the
alternatives are included.

ESH Key Acronyms, Terms and Definitions

The reader may not be familiar with some of the ESH related terms. Acronyms are found in Appendix C.
The terms and their definitions are located in Appendix D.
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Section Two - ESH Across the Acquisition Life Cycle

In Section One, an overview of ESH Management was explored. This section will give a short tutorial on
ESH activities during each phase and how the emphasis and information changes. The description by
phases will be from the eyes of cost analysts and focus on the work they can expect during that phase. It
is important to remember that the activity in a phase amost aways includes planning and estimating for
subsequent phases (i.e., amost al cost work will be done before disposal begins). Following the
description for Demilitarization and Disposal, Table 1 is provided for the cost analyst to illustrate a
potential mapping of ESH costs to acquisition phase WBS elements.

Pre-Concept Exploration (Technology Development)

Prior to programs being formed and the concept exploration phase beginning, the Air Force Research
Laboratories work on technologies for potential use in new systems. Some of that work is directly related
to ESH such as the development of alternatives for hazardous materials and ozone depleting substances.
When eventually implemented in weapon systems, these technologies can have an impact on ESH related
life cycle costs. The cost analyst should ensure that these ESH-related life cycle contributions are
identified. While there may not be a need for a program cost estimate in this pre-concept exploration
activity, there will exist a need to support the trade studies that emerge from this work.

Concept Exploration - Phase 0

During the concept exploration phase, competitive, paralel short-term concept studies and analyses are
performed to define and evaluate the feasibility of alternative concepts and to provide a basis for
assessing the relative merits of these concepts. Environmental, safety, and health (ESH) impacts should
be considered during this phase. Activities associated with this phase include:

Environmental Compliance

National Environmental Policy Act (NEPA) Compliance (Form 813)

System Safety and Health Identification and Management

Hazardous Materials (HAZMATS) Management Program (e.g., identification of potential HAZMATS,
trade-off studies on impact of HAZMATSs on design alternatives, etc.)

Pollution Prevention Programs.

The above ESH activities will continue into Phases | and I1.

Program Definition and Risk Reduction (PDRR) — Phase |

During PDRR, studies and analyses of the one or more concepts, design approaches, and/or parallel
technologies are conducted, and assessments of the advantages and disadvantages of alternative concepts
shall be refined. At this point, the ESH activities would include the continuation of the ESH activities
from Phase 0 such as NEPA compliance, addressing of system peculiar safety and health issues and
potential compliance issues, identification of potential HAZMATS, and pollution prevention results. Also
included are the preparation of compliance documentation; systematic and interdisciplinary studies that
support the documentation of ESH impacts; application fees and payments made to legally certify
operations, and one-time surveys as well as recurring monitoring activities that support compliance
documentation.

12
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Engineering Manufacturing Development (EMD) — Phase I

During EMD, activities performed include studies and analyses, design development, evaluation, testing,
and redesign for the system component(s) during the system devel opment efforts, including preparation of
specifications, engineering drawings, parts list, test planning and scheduling, raw and semi-fabricated
material plus purchased parts, engineering test equipment, and preplanned product improvement efforts.
Activities also include ensuring the producibility of the developmental materiel system, inspection test
and evaluation requirements, and quality control procedures. Low Rate Initial Production (LRIP) occurs
while the Engineering and Manufacturing Devel opment phase is still continuing as test results and design
fixes or upgrades are incorporated. ESH activities during this phase include the continuation of similar
activities from Phase |, such as NEPA compliance which may impact the test program, contractor
compliance issues and possible inherited compliance issues at the depot, safety and health issues,
identification and elimination of HAZMATS, and pollution prevention. What-if studies should be
performed for hazardous materials (HAZMATS) dternatives (e.g., choosing HAZMATS that will be
easier to handle, maintain, and dispose and that are cost effective - an example of this is the choice of
enamel coating on the system that may cause compliance, cost, and handling/disposal problems for the
paint stripping shop at the depot); development of pollution prevention and waste minimization programs
as well as their implementation; hands-on control of HAZMATS for all processes throughout each phase
(e.g., capital outlay for equipment used to capture and store waste, changes to manufacturing processes
and other operations in order to minimize the use and production of HAZMATS, lost productivity due to
personal protection equipment, cost of operating a HAZMATS pharmacy system); and fees paid for off-
site disposal of waste material.

Production, Fielding/Deployment and Operational Support — Phase Il

The ESH cost considerations for manufacturing operations and maintenance activities include
continuation of pollution prevention plans to ensure minimal ESH problems downstream, and efforts to
address ESH litigation and liabilities. Some of the ESH activities started during Phase Il will continue
during this Phase (e.g., NEPA, environmenta compliance, system safety and health, HAZMATS,
pollution prevention and waste minimization programs, hands-on control of HAZMATs for all
processes).

Phase |11 aso includes the cost provision for industrial facilities, depot maintenance plant equipment, and
layaway of industrial facilities that are system specific; and procurement-funded costs of construction,
conversion, or expansion of facilities for production, inventory, or maintenance required to accomplish
the program. ESH issues to be addressed here include NEPA compliance for beddown, compliance for
ar logistics centers (ALCs), safety and health concerns for personne, HAZMATS
tracking/handling/disposal, pollution prevention, air emissions testing, noise compliance plans, etc.
Environmental Baseline Surveys (EBSs) aso need to be conducted on property being considered for a
transaction with the government.

Demilitarization and Disposal

Although Demilitarization and Disposal (D&D) is not considered a formal phase in the life cycle of a
system (some consider it an extension of the previous phase), there may be significant ESH activities in
this phase. D&D captures the costs associated with disposing of a system or facility at the end of its
useful life. Disposal is the process of re-distributing, transferring, donating, selling, or demilitarizating
the system. Demilitarization is a subset of disposal and is the act of deactivating or rendering inoperable
by destroying the military offensive or defensive advantage inherent in an item. Where applicable, this
category includes salvage values as well as costs incurred during the phase-out period. The complete
deactivation and demilitarization of a system entails not only the disposal of hazardous wastes but aso the
proper distribution of inert materials and support as well. Most of the remediation and restoration
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activities will occur in this phase as facilities are either demolished or turned over to other government
agencies for use. The amount of expenses associated with the Base Reallocation and Consolidation
(BRAC) effort is a striking example of why planning is needed early in system life.

ESH COST Phase O-111 WBS Phaselll / D& D WBS
Analysis, environmental System Engineering/Pgm Sustaining Support,
impact Management (SE/PM) Engineering
Analysis, of ESH aternatives | SE/PM Sustaining Support,
Engineering
Anaysis, system safety hazard | SE/PM Sustaining Support,
Engineering
Assessments, ESH SE/PM Sustaining Support,
Engineering
Contributions to common SE/PM Sustaining Support,
initiatives Engineering
Disposal services, specialized | Hardware Configuration Item D&D, Disposd
(C)
Disposal, detoxification Hardware CI D&D, Detoxification
Disposal, disassembly Hardware Cl D&D, De-installation
Emergency response System Test, DT&E or OT&E Indirect Support, Installation
deployment
Emergency response force System Test, DT&E or OT&E Indirect Support, Installation
development
Facility construction Industrial facilities, Test Indirect Support, Installation
Facilities, or Training Facilities
Facility modification Industrial facilities, Test Indirect Support, Installation
facilities, or Training facilities
Hazardous materials Hardware Cl Sustaining Support, Recurring
procurement Investment
Insurance SE/PM or against specific Cl Sustaining Support, Other
Labeling Data, Support Data Sustaining Support,
Engineering
Labor to manage ESH SE/PM Indirect Support, Personnel and
programs Installation
Legal, claims SE/PM Indirect Support, Installation
Legal, penalties and fines SE/PM Indirect Support, Installation
Legal, review of plans SE/PM Indirect Support, Personnel
Lost duty time SE/PM Mission Personnel
Lost productivity due to SE/PM Mission Personnel
personnel protection
requirements
Manifesting Activity for which transportation | Unit/Depot Maintenance,
required Other
Material handling, specialized | Peculiar Support Equipment Sustaining Support, Support
equipment Equipment Replacement
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ESH COST

Phase O0-111 WBS

Phaselll / D&D WBS

Medica examinations

Test and Evaluation Support

Indirect Support, Personnel

Modeling and simulation

SE/PM

Sustaining Support, Sustaining
Engineering

Modifications, Pollution Hardware Cl Sustaining Support,

Prevention Modification Kit

Modifications, Safety Hardware Cl Sustaining Support,
Modification Kit

Permits SE/PM Indirect Support, Installation

Support

Personnel protective
equipment

Peculiar Support Equipment

Sustaining Support, Support
Equipment Replacement

Pharmacy distribution systems

Initial Spares and Repair Parts

Unit Level Consumption.
Other

Plans, Compliance and Safety
Program

SE/PM

Sustaining Support, Sustaining
Engineering or Contractor
Support, Other

Pollution Prevention, Filters

SE/PM, Industrial Facilities, or
Hardware Cl

Unit Level Support, Other

Pollution Prevention,

SE/PM, Industrial Facilities, or

Unit Level Support, Other

Incinerators Hardware Cl
Pollution Prevention, SE/PM, Industrial Facilities, or Unit Level Support, Other
Scrubbers Hardware Cl

Preservation, natura/culturd

SE/PM, Industrial Facilities, or
Hardware Cl

Indirect Support, Installation

Public relations/community SE/PM Indirect Support, Installation

image

Qualifying vendors/suppliers | Hardware Cl Sustaining Support, Recurring
Investment

R&D, dternatives to Hardware Cl Sustaining Support, Sustaining

unacceptable materials Engineering

Record keeping, Safety and SE/PM Indirect Support, Installation

Hedlth

Record keeping, hazardous SE/PM Indirect Support, Installation

material

Recycling, collection and Hardware Cl Indirect Support, Installation

separation

Recycling, receipts Hardware Cl Indirect support, Installation

Release monitoring equipment

Peculiar Support Equipment or
Industrial Facilities

Sustaining support, Support
Equipment replacement

Release monitoring labor

Hardware Cl

Indirect Support, Personnel

Remediation, activities

Hardware Cl or System Test

Indirect Support, Installation

Remediation, design

Hardware Cl

Sustaining Support, Sustaining
Engineering

Reporting

SE/PM

Indirect Support, Installation
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ESH COST Phase O-111 WBS Phaselll / D& D WBS
Restoration investigations, SE/PM Sustaining Support, Other or
assessments and studies Contractor Support, Other
Risk, cost of not meeting SE/PM Sustaining Support, Sustaining
requirements Engineering
Risk, of catastrophic events SE/PM Sustaining Support, Sustaining
and safety hazards Engineering
Sampling SE/PM Indirect Support, Installation
Support

Storage structures/containers, | Storage, Planning and Sustaining Support, Other

specialized Preparation

Supervision and audits SE/PM Indirect Support, Installation
Support

Surveys, site SE/PM Indirect Support, Installation
Support

Surveys, work SE/PM Indirect Support, Installation
Support

Technical support, contractors | SE/PM Contractor Support, Other

Training classes Training, Services Mission Personnel, Operation
and Maintenance as required

Training materials Training, Materias Mission Personnel, Operation
and Maintenance as required

Transportation, specialized Storage, Transfer and Sustaining Support, Other

requirements Transportation or Hardware Cl

Water treatment, specialized Hardware Cl or System Test Indirect Support, Installation

Table 1, Potential Mapping of ESH Costs to Acquisition Phase WBS Elements

Other Topics

Commercial Item (CI) and Non-Developmental Item (NDI) Acquisitions

Commercial Items are items customarily used for non-governmental purposes and that have been or will
be sold to the general-public. A non-developmental item is any previously developed item of supply used
exclusively for governmental purposes by a Federal, State, or local agency/government or foreign
government that the United States has a mutual defense cooperation agreement. A non-developmental
item also includes any commercia items that require only minor modifications of a type customarily
available in the commercial marketplace.

Programs following commercial or non-developmental item acquisition strategies are not relieved from
the requirement to address the integration of ESH considerations into the systems engineering process.
The systems engineering process for commercial items are typically already completed. The SM must
assess how well the supplier integrated ESH considerations into the systems engineering process as part
of the market research and analysis. ESH-related questions during this phase are critical to making
informed decisions concerning the life cycle impacts of the commercia or non-developmental item. Life
cycle cost assessments that include ESH-related costs are important information to the decision-making
process. The Air Force has examples where this was done effectively and where it was not done at all.
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The Joint Primary Training Aircraft System (JPATS) is the single largest aircraft commercia item
program. The SM assessed the impact upon the life cycle of JPATS about the use of Ozone Depleting
Substances (ODS). The SM determined that the use of Class | ODS in the JPATS would result in
unacceptable Operational and Support (O& S) burdens and prohibited their use. The JPATS Request For
Proposal (RFP) included a statement that indicated bidders would not be considered responsive if their
proposed designs required any Class | ODS in the design, operation, or maintenance of the system.

The C130J is an unfortunate example of a program that did not assess the life cycle ESH-related impacts
of its commercial item on the Air Force. The new engine nacelle fire suppression system uses Halon
1211, aClass | ODS that has been banned from production under the Clean Air Act Amendments. The
program’s decision to accept this Class | ODS aso appears to violate Air Force policy that prohibits new
systems from using Class | ODS.

Most commercial and non-developmental items will aready have some cost data available from industry
and government users of the product. The cost analyst can determine where the item is currently used and
gather available life cycle cost data to include the ESH-related contribution. The program office will
usualy know where the item is currently used.

Summary

Thorough Environmental, Safety, and Health planning throughout the acquisition phases is essential and
must be an integral part of the Program Management and Systems Engineering process to complete a
successful progam. The Environmental, Safety, and Health plans and procedures cover subjects such as
record keeping, metrics submittals, survey submittals, audits, training, and corrective action measures.
Environmental and pollution prevention objectives are defined and met by the development of a detailed
strategy describing the necessary elements. Elements may include establishing evaluation criteria,
performing environmental/safety data analyses, identifying environmental/safety reguirements,
interpretation of data, and the documentation of environmental and safety results. The resources required
for environmental and safety compliance must aso be identified. This includes trained personne,
facilities, funds, processes, alternatives, equipment, and regulatory constraints. An integrated schedule is
essential to provide for the availability of necessary resources before the commencement of the
environmental, health, hazardous materials, pollution prevention, and safety management activities.

The successful performance of the Environmental, Safety, and Health (ESH) process described in this
section requires a well organized, knowledgeable and disciplined organization to pre-plan, develop, and
apply specific key elements. The SMC ESH Ciritical Process Assessment Tool (CPAT) lists most of the
ESH related activities expected in the acquisition life cycle. A cost analyst may use the CPAT to gain
insight into the activities where cost estimating support may be required and where ESH cost data may be
collected or reside. This concludes the summary introduction to ESH Management. The reader is
encouraged to refer to the documents listed below for more information on ESH Management in AFMC.
Additiona references are located in the Bibliography that is found in Appendix N.

References:

1. DoD 5000.2-R Mandatory Procedures for Mgor Defense Programs (MDAPs) and Major Automated
Information System (MAIS) Acquisition Programs, Section 4.3.7, 7 October 1997.

2. Tactica Environmental, Safety and Health Action Guide, ESC/BP, September 1997.

3. Weapon System Environmental, Safety and Health Evaluation Development Guide for Single
Managers, ESC/BP, November 1996.

4. Environmental, Safety, and Health Critical Process Assessment Tool, SMC/AXZ, 1 May 1997.

5. Environmental, Safety, and Health Management and Cost Handbook, SMC/FMC, 13 September
1996.
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Part Two - ESH Cost Estimating

This part of the guide will begin with the cost requirements, introduce the processes, and progress into the
details of ESH cost estimating. In an October 1996 report by the Army Industrial Ecology Center and the
Nationa Defense Center for Environmental Excellence, the researchers concluded that DoD would
benefit from guidelines to identify key environmental costs and efficient methods to obtain them. They
also concluded that environmental costs can be gathered and used in supporting pollution prevention
decisions. The report pointed out that some costs are more easily gathered than others, a message that
will be echoed in Part Two when addressing cost estimating data sources. The challenge for the cost
analyst is to accurately estimate costs so that the correct program decisions can be made.

Section One - Cost Estimating Concepts

This section will explain the cost estimating requirements for ESH cost estimating in financial
management terms.

In November 1994, the General Accounting Office (GAQ) published a report on the status of DoD’s
efforts at pollution prevention. Cost estimating and cost analysis were cited in that report as follows:

DoD has not issued guidance for performing life-cycle costs analyses for comparing the costs
of toxic chemicals with less toxic chemicals. As a result, purchasing decisions are not always
environmentally sound or cost-effective because they are generally based on the initial price of
the material. Life-cycle costs associated with environmental considerations such as the cost to
dispose of hazardous waste, are not considered and can total more than the purchase price.

ESH costing issues within the Department of Defense (DoD), such as restoration and cleanup costs, have
increased dramatically over the last few years. The impacts of such costs on Major Defense Acquisition
Programs (MDAPs) are now reviewed much more closely than before. Additionally, stronger and more
stringent legidlative and regulatory requirements have made existing methods for identifying and
estimating ESH costs for programs more critical. Costing requirements currently exist in a variety of
guides, directives, handbooks, policy directives, and instructions. While there is not one central list of
policies and procedures, there are three consistent requirements (early planning, emphasis of LCC, and
risk management) that are echoed throughout the guidance. They are expanded upon in the following
subsection called ESH cost estimating requirements.

Draft changes to DoD 5000.4-M propose that, where the ESH costs cannot be separately broken out, the
cost estimate should present evidence that the ESH costs are adequately accounted for elsewhere in the
estimate. The cost analyst should be cautioned that the proposed changes emphasize environmental but
not the safety and health aspects. Be sure to include all three.

The final piece of advice regarding ESH costing seeks to quantify the efforts. The guidance was to
“Spend effort on program ESH costing that is consistent with the ratio of ESH costs to total program
costs’. ESH costing techniques and methods should not burden the cost estimating effort so much that
time and energies are distracted from the goals of hazardous materias reduction and personnel safety.
You will note when reading our examples in Appendix A, in no case did we find ESH costs that were
higher than 2%. Taken out of context, this would seem to be too low to bother estimating for smilar
programs; however, every program is unique. The examples are meant to show what we found when
investigating the ESH costs in typical Air Force Weapon systems. These may or may not be
representative of what you will find on your program. What the italicized sentence is saying is that if in
your research into the costs on the program you find that your ESH costs are small, then don’t spend too
much time delving into them. This is not peculiar to ESH but is what you would do on any WBS
element. Y ou do need to look, however, to determine if the ESH costs are minor or not.
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ESH Cost Estimating Requirements

The first requirement, early planning for cost estimating, relates to the timing of ESH costing activities.
Almost all acquisition management guidance points out that ESH planning should begin as early as
possible. For example, Department of Defense Regulation DoD 5000.2-R, references the Programmatic
Environmental, Safety, and Health Evaluation for integrating ESH considerations into the acquisition
strategy at the earliest possible time. It is well recognized and accepted that the greatest cost benefit
occurs when the correct decisions are made early enough in the acquisition life cycle to avoid rework or
post fielding modification. Results from the ESH Evaluation may be utilized as early as the Concept
Exploration phase to identify the cost, schedule, and performance impacts for alternative systems.
Program Cost Estimates (PCES) that are prepared as early as Milestone | are required to include all
relevant ESH costs. This again illustrates the need for early planning and preparation for ESH
considerations.

The second requirement echoed is the emphasis of life cycle cost as the measure of merit for examining
ESH alternatives. Life Cycle Cost (LCC) anaysis is a valuable tool used for both program decision
making and budget inputs. It is imperative that program decisions be based upon the program LCC and
not solely on the program acquisition cost. Air Force Instruction (AFI) 32-7080, Pollution Prevention
Programs, requires Program Managers to reduce the use of hazardous materials and measure their life
cycle costs. From an ESH perspective, that means including direct and indirect costs that may be
associated with the following sample of ESH topics:

acquisition, ESH laws, ESH regulations, disposal, emission control, engineering and
administrative controls, environmental monitoring, exposure assessments and
evauations, final demilitarization and disposal, fines, hazard assessments, hazardous
waste management, inspections, labeling, liability, manufacture, medica monitoring,
medical surveillance, permits, personal protective equipment, pollution prevention,
recycling, regulatory overhead, remedial actions, resource conservation, spills, storage
inventory control, supply use, training, and work place safety.

The third requirement is risk management. Risk management is an organized process of identifying
potential undesirable program events and then establishing and executing the appropriate risk mitigation
actions. ESH risk management is a subset of program risk management with focus on ESH events. The
goal of ESH risk management is scientifically sound, cost effective, integrated actions that reduce or
prevent risks while taking into account social, cultural, ethical, political, and legal considerations. ESH
events include but are not limited to, health risks from exposure to harmful elements, ecosystem damage,
injury or death to personnel, and damage to or loss of equipment. The consequences of ESH risk will
vary and can include cost impacts, schedule delays, degraded performance, and the loss of public
goodwill. There are currently excellent and accepted techniques for ESH risk management (in MIL-STD
882C and in National Aerospace Standard (NAS) 411). In addition to these, there have been several
initiatives regarding risk in the past year, each of which may impact the subset of risk called ESH risk
management. All of these initiatives have one item in common, they bring more emphasis to the subject
of risk management.

In February 1997, the Presidential/Congressional Commission on Risk Assessment and Risk Management
issued both volumes of their fina report. The key contribution of the effort was to introduce a risk
management six step process that can be applied to public health or environmental problems. The six step
process includes:

Defining the problem and putting it into context;
Analyzing the risks associated with the problem in context;
Examining options for addressing the risk;

Making decisions about which options to implement;

PODPE
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5. Taking action to implement the decisions; and
6. Conducting and evaluating the actions results.

In addition to the six step process, another portion of the report that may provide value to Air Force cost
analysts is the section on linking risk and economics. The section, while recognizing the value of
economic analysis, cautions about placing too much emphasis on dollar values of the environment that are
difficult to quantify in monetary terms.

A second initiative that may impact ESH risk management is the Operational Risk Management (ORM)
Program. Covered by AFPD 91-2 and AFI 91-213, ORM uses the same six step process as identified by
the Presidential/Congressional Commission laced with military terms. One key theme is the required
participation at all levels of command. Aswith the first initiative, ESH risk management fits well into the
ORM program.

The third initiative regarding risk management is focused on the cost consequence of ESH risk. There has
been a lot of interest regarding the accounting and disclosure aspects of ESH risk where an organization
may have considerable potential liability resulting from ESH claims, fines and penalties. More investors
and government organizations are closely reviewing company forms for proper application of Federally
Accepted Accounting Principle Five, Accounting for Contingencies. This principle requires a firm to
declare a loss contingency when information is available that it is probable that a liability has been
incurred, and that the amount of the loss can be reasonably estimated. The Defense Contract Audit
Agency (DCAA) Contract Audit Manual contains guidance on the treatment of actual and contingent
ESH costs and ties the treatment to applicable Federal Acquisition Regulation (FAR) subsections. The
importance of this information to the cost analyst is knowing where to look for the costs and the criteria
for inclusion of ESH risk related costs in estimates.

Clearly, there is renewed emphasis upon risk management. Several ESH activities, including the
preparation of the ESH Evaluation, are focused on identifying and reducing ESH risk. It appears that the
tools and techniques for general risk management are valid for ESH risk. Almost all product centers have
policies, procedures, and tools for risk management. Cost analysts should embrace standard risk
management procedures for ESH risk (i.e.,, MIL-STD-882C, ORM, and the six step process) until
evidence is presented that these processes are inadequate for ESH cost estimating.

ESH Costing Objectives

Complex activities and efforts can be more efficiently managed if clearly defined goals or objectives are
understood by the performing team. The same holds true for cost estimating. This section discusses the
objectives of ESH costing and their implications for the cost analyst who must answer the questions
posed by the reviewing authorities. This section will address two general objectives that apply to all
programs and then specific objectives based upon program content.

General Objectives

There are two general ESH costing objectives based on simple logic. First, al ESH costs must be
included in the program estimate. Second, visibility into the identified costs must be provided so that
acquisition and supporting decisions can be based on valid ESH costs.

Thefirst objective, including all ESH costs, focuses on avoiding cost omissions. Meeting that objective
requires:

A technical baseline that addresses all ESH cost drivers;
A Work Breakdown Structure (WBS) that includes all possible ESH costs; and
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Necessary estimating tools and methodologies that generate those costs.

The Technical Basdine (TB) or Cost Analysis Requirements Description (CARD) provides technical
definitions from which key ESH cost drivers can start to be identified. For optimal results, the use of
ESH experienced personnel in TB/CARD preparation is essential. The ESH Evaluation will provide
insight about alternative processes that may be part of the technical baseline. Some of the WBSs
developed in the last two years for ESH costing will provide a potential framework to include all possible
ESH costs. The fina requirement, utilization of necessary estimating tools and methodologies is
currently being worked through a variety of DoD, Air Force, Army, and Navy ESH costing initiatives.

The second objective, providing visibility to the ESH costs such that decisions may be based upon them,
requires:

Documentation of Life Cycle Cost (LCC) estimates conducted for trade-off studies of design
aternatives;

A method to transition trade studies, which are delta cost analyses, into program quality LCC
estimates;

Participation from personnel familiar with ESH requirements; and

Participation and support from prime contractors to provide insight and guidance to cost elements
that have embedded ESH costs.

As part of the process and materials trade-off studies conducted during system design, there will be
meaningful cost data available for conversion into LCC estimates. It may be advantageous for the cost
analyst to standardize the ESH trade studies for a program such that the results will aign with the LCC
estimate cost elements.

Specific Objectives
Guidance directed to Program Managers as well as the cost analyst’'s specific objectives of obtaining
definitions of what to cost and how much detail to place in the cost estimate will depend upon an accurate
assessment of the program and the TB/CARD. The assessment of the program focuses upon answering
the following question:

Are ESH risks and associated life cycle cost contributions significant?

Air Force Materiel Command Pamphlet (AFMCP) 63-101, Risk Management, will be primarily useful for
the cost analyst to use in identifying ESH contributions to the PCE because it provides a procedure to
implement risk management into the overall program planning and management process. At the systems
engineering/trade study level, the methodology contained in MIL-STD-882C provides the cost analyst
with insight into ESH life cycle cost drivers.

The TB/CARD is the final driver for determining the specific cost estimating details. All program cost
estimates must align with the information in the TB/CARD. If a cost analyst discovers during the
assessment that a program has a potential for significant ESH risk or ESH costs, it is then appropriate to
forward that information to the owners of the TB/CARD so they can document the potential ESH costs
for additional detail in cost estimates. This assures that the TB/CARD accurately reflects the risks of the
program and the cost estimates address the system requirements.
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Cost Estimating Activities

Program Cost Estimates

Interest in the ESH costs of a program continues to grow. Policies and procedures continue to be refined.
The guiding principal is that any PCE must include the total life cycle cost estimate for all costs including
ESH related activities, products, and services. Such costs may arisein any or al of the major segments of
a program. For example, specific guidance in DoD 5000.4-M, Chapter 1, requires the identification of
any hazardous materials that may be encountered or generated during development, manufacture, test,
transportation, storage, operation, or disposal. The quantities of each should be estimated over the life of
the system.

ESH related risks may be found in the various program analyses. Environmental risks are usually found
in the program’s environmental compliance effort for NEPA analyses. Safety risks are usually found in
the program’s system safety program. Health risks are usually found in the Health Hazard Assessments
(HHAS). The cost analyst can use these risks to identify the associated ESH life cycle cost contributions.

ESH risk is a sensitive subject to address in the PCE. ESH risk, as defined in the DoD Acquisition
Deskbook, refers to whether or not a given technology solution, alternative, or process can be used
without generating an intolerable level of hazardous materials, unacceptable environmental damage, or
risking personnel safety. Standard guidance for PCEs is that the estimate should not include any dollars
for management reserve. In procurements where attrition or loss rates are known, cost estimates include
replacement systems. Aircraft attrition and booster failures are examples where historical data provides
insight into future performance. In the environmental area, the potential for cost liability during the life
of a system, including remediation and fines, may not be as quantifiable as attrition. Safety analysis uses
a technique where the likelihood of a mishap is combined with the consequences of a mishap to identify
the safety risk. A similar approach could be considered for ESH risk.

Defense Plant Representative Offices (DPRO) are included in program level and selected subordinate
level Integrated Product Teams (IPTs) (such as Manufacturing IPT). The DPROs have excellent
knowledge of contractor activities that may affect the cost of the system. In addition, the DPROs will
have information on potential liabilities at different contractor facilities. For example, a contractor may
have significantly higher overhead rates for cleanup actions, which are ill in litigation. While the new
program did not contribute to the contamination, it may pay for a portion of the cleanup in the form of
increased overhead.

Trade Studies

Trade Studies are performed to evaluate a variety of solutions to ESH compliance requirements. The
requirement to consider cost, in particular a life cycle cost assessment for evaluating ESH alternatives, is
laid out in DoD 5000.2-R and DoD 5000.1. Trade studies are subsets of the consideration of overall life
cycle costs. The next few paragraphs will discuss ESH trades and their requirements.

ESH cost trade studies are much like any other comparative analysis. They are an assessment of the
economic cost of aternatives designed to assist decision making. They are not different from other trade
studies except for the focus on ESH costs. In an ideal cost estimating world, all trade studies would be
ESH studies because the cost analyst would be careful to incorporate all sensitive ESH costs.

A review of the cost estimating guidance at DoD, Air Force and Air Force Materiel Command levels
revealed that there are not any specific ESH cost trade study requirements. The cost analyst is guided by
the general and situational comparative cost analysis guidance. This Guide will supplement that by
adding the following suggestions:
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When performing comparative cost analyses, the cost analyst should be diligent to consider the
potential ESH costs associated with each aternative. The ESH costs should be identified with a
narrative description and estimated where the costs are sensitive to the aternatives and can be
quantified. Rationale for the suggestion: ESH is a new element in the life cycle cost estimate, costs
are not well identified and the increased emphasis is warranted until the costs are better understood.

When using cost estimating tools and methods for cost comparisons such as Cost Estimating
Relationships (CERS) or factors, the ESH costs included in such tools should be identified where
practical. For example, if a factor for Systems Engineering and Program Management is known to
include costs for the environmental analysis as well as the system safety anaysis, it should be stated
in the estimate documentation. The rationale for the suggestion is that ESH cost estimating needs to
develop consistent categories and grouping for costs so that comparisons across systems will be
possible.

Analysis of Alternatives (AOA)

An analysis of aternatives is prepared and considered at appropriate milestone decision reviews of
Acquisition Category (ACAT) | programs beginning with program initiation (usually Milestone I). An
AOA takes the place of what was formerly referred to as the Cost and Operational Effectiveness Analysis
(COEA). For ACAT IA programs, an analysis of aternatives is prepared for consideration at Milestone
0. These analyses are intended to:

Aid and document decision making by illuminating the relative advantages and disadvantages of the
aternatives being considered. They show the sensitivity of each alternative to possible changes in
key assumptions (e.g., threat) or variables (e.g., selected performance capabilities). The analyses aid
decision makersin judging whether or not any of the proposed alternatives to an existing system offer
sufficient military and/or economic benefit to be worth the cost. There is a clear linkage between the
analysis of aternatives, system requirements, and system evaluation measures of effectiveness.

Foster joint ownership and afford a better understanding of subsequent decisions by early
identification and discussion of reasonable aternatives among decision-makers and staffs at al levels.
The analysis should be quantitatively based, producing discussion on key assumptions and variables.

The DoD Component (or Principal Staff Assistant (PSA) for ACAT IA programs) responsible for the
mission area in which a deficiency or opportunity has been identified prepares the analysis of aternatives.
Normally, the DoD Component completes the analysis for ACAT | programs and documents its findings
in preparation for a program initiation decision (usually Milestone I). The Milestone Decision Authority
(MDA) may direct updates to the analysis for subsequent decision points, if conditions warrant.

Just as the ESH professionals supported the COEA development in the past, similar inputs should be
provided to the AOA. Pollution prevention considerations should be part of the assumptions, variables,
and constraints, especially for the life cycle cost of each alternative. For example, an alternative for using
alaunch vehicle might include the use of hydrazine as afuel. The AOA should address the life cycle cost
of using hydrazine.

Any updates to the initial AOA should be sufficiently detailed to determine a preferred alternative and its
worth. The update should establish performance minimums and cost ceilings. Life Cycle Cost estimates
are required for all design approaches. Cost estimates for AOA should take into account advanced
research and development (R& D) and engineering development. Also, gross estimates of investment and
disposal costs should be included.

Most of the ESH costing associated with the AOA will focus on computing delta life cycle costs for
aternate systems, locations, or processes (which use less hazardous materials). The product center may
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want to consider supporting the using community in the ESH analysis and life cycle cost estimating
portions of the AOA. The advantage of early support will pay off when trandating cost trade study
results from the AOA to the program cost estimate.

Selected Topics Related to ESH Cost Estimating

As the planning and data collection began for this Guide, research and discussions among the participants
of the Guide project examined several initiatives that have direct relationships to ESH cost estimating
procedures. It was found that Activity-Based Costing (ABC) / Activity-Based Management (ABM) may
be useful for expanding the accounting systems to embrace ESH. Appendix L provides for ABC/ABM a
descriptive definition, a discussion of applicability to current ESH cost estimating and analysis, and a
recommended position relative to ESH cost estimating.
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Section Two - Cost Estimating Common Process

The Electronic Systems Center (ESC) Financial Management community has identified a seven-step
process for performing cost estimates. This seven-step process may be used for both program estimates
and trade studies. This section will use the seven-step process as the basis for discussing ESH cost
estimating. The seven steps are introduced bel ow:

1. Define and Plan. Define the purpose, scope and time constraints for the estimate in very specific
terms. This includes knowing where the estimate is going, who is going to use it, and what decisions
are going to be based on it; reviewing program documentation; establishing a team; and developing a
WBS. Remember, you cannot start the estimate without a definition of the program.

2. Specify Estimating Methodology. Define precisely how you are going to accomplish your cost
estimate. Data collection and evaluation is part of this step (and the most time consuming). This step
also includes planning for the risk assessment and cost-sensitivity analyses that are performed after
the point estimate is cal cul ated.

3. Calculate the Cost Estimate. Take the information from Step 2 and calculate estimate values in
base year dollars. Calculate primary costs with risk as well as any excursions such as cost sensitivity
analyses.

4. TimePhasethe Estimate. Ensureit is consistent with the program schedule and budget constraints.
5. Calculatethe estimatein Then Year Dollars. Translate the Base Y ear values to inflated dollars.

6. Document the Estimate. Thisiswrap up time. Complete the documentation that was done as the
methodology and calculations were performed. Organize the documentation into chapters and write
transition paragraphs and sentences.

7. Complete Final Reviews. Varies with the type of program. For trade studies this may be a review
with the project engineers. For a program cost estimate, it may include reviews at al levels of
command up through DoD.

The Seven-Step Process

The next few pages will probe deeper into each of the seven steps introduced above and present any ESH
unique aspects about each of the steps. The format for discussion will be to describe each step as it would
apply to both a program cost estimate and a trade study and then to add specifics where appropriate about
each. In this section and the appendices, there are a number of checklists, tables, and lists of questions
that can be used in ESH cost estimating. Where useful, the reader is encouraged to duplicate and use this
information.

Step One - Define and Plan the Cost Estimate

Whether you are preparing the ESH portion of a program cost estimate or supporting an engineering
organization with a trade study, constraints will exist. You will have a job to do and a deadline for
completing the work. There will be an objective granularity and scope for your estimate. Y ou should be
able to visualize what the end product (cost estimate) will look like. Y ou should know what resources you
will have at your disposal. Through the tasking and some questioning, you should be able to get enough
information to build a resource-loaded schedule for the estimate. Two key components of the estimate
planning are the technical baseline and the work breakdown structure. In fact, these components are so
essential that after some work in defining the approach to each, it is often worthwhile to go back and
revisit the estimate schedule.

When defining and planning the program cost estimate, the customer will be the program or single
manager. The amount of coordination will be significant and will center on the Cost Integrated Product
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Team (CIPT) for those estimates receiving Air Force CAIG or higher review. Inputs to planning a
program cost estimate should include whether ESH costs for the system are going to be separately
identified or included where appropriate in a norma WBS such as MIL-HDBK-881, Work Breakdown
Structures.

The planning steps for a trade study should be the same as for a program cost estimate, just tailored to the
customer. The customer for a cost trade study will more likely be the system engineering organization in
the program office or single manager organization. The turn around time for the estimate may be very
short and you can expect to be pressured for results.

Establish The Technical Baseline To Be Estimated

If the activities, products or services to be estimated are associated with a weapon system or program, a
Technical Baseline (TB) or Cost Analysis Requirement Description (CARD) should be available. The
TB/CARD is important to the ESH management of a program. This document provides the ESH baseline
from a costing perspective, as all program cost estimates are required to be consistent with the TB/CARD.
The analyst should find the TB/CARD with the weapon system program office.

Program Cost Estimate

Since the TB/CARD is created for a program level life cycle cost estimate, it may not provide much detail
with respect to costing the ESH area. If it does not, the cost analyst will want to review the TB/CARD
with the engineers and ESH specialists to assure the ESH topics have been addressed properly and in
sufficient detail. Ask the engineers and ESH specialist(s) what factors they believe are the key risks. All
key cost drivers should be planned for inclusion in the TB/CARD.

Trade Sudy

In planning the establishment of a technical baseline for a trade study, the technical baseline assumes less
importance. The TB/CARD may not have been prepared, and even if prepared, may not have the level of
detail required of the technical baseline for a trade study. In planning the trade study, discuss the
alternatives with the appropriate engineers to get a handle on the sensitive factors. Most trades have a
benefit in mind (performance, reduced labor, less expensive materials, increased safety, etc.). If you can
understand where they are going with these alternatives, it will help you plan to estimate the sensitive
values. Ask the engineers and ESH specialists what factors they believe are sensitive to the alternatives.
All sengitive factors should be planned for inclusion in the technical baseline.

Determine The Appropriate WBS For The Estimate

ESH cost estimating across the total life cycle of a system may require the use of multiple contract work
breakdown structures. Most program office personnel are very familiar with the acquisition work
breakdown structures described in MIL-HDBK-881. The MIL-HDBK-881 work breakdown structures
are used to estimate the cost of acquiring a system. MIL-HDBK-881 work breakdown structures do not
however, provide the granularity needed to define the operating and support costs of a system and
ultimately the total LCC of a system. Appendix H provides a sample ESH enhanced MIL-HDBK-881
WBS and dictionary that addresses the full life cycle of an Electronic/Automated Software system. Table
1 located in Part One, Section Two, also provides example ESH costs and a potential cost mapping into
cost elements by acquisition phase. The cost analyst may find these useful in the development of a WBS
for a new weapon system or modifying an existing WBS. Following are discussions of different WBS
considerations for program cost estimates and trade studies.

Program Cost Estimate
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For a program cost estimate, the selection and use of a WBS is straightforward. Although MIL-HDBK-
881 is now a guidance document, most program estimates continue to reflect a strong influence of the
standard.

Trade Sudy

While there is great latitude in WBS selection for a trade study, the analyst should keep in mind that the
primary goal of the trade study is on the ESH contribution to the life cycle cost of the system. Some
analysts may plan the trade study around a MIL-HDBK-881 WBS, just listing the WBS items that are
expected to be sensitive to the aternatives. They then expand those sensitive items to the level of the
expected sensitive data.  For example, if an ESH cost trade is being performed on two alternatives and
one eliminates all hazardous materials from the system, clearly the Hazardous Material Management
Planning which is included in Systems Engineering/Program Management (SE/PM) will be sensitive to
the alternatives. SE/PM would be an included WBS item and may have a lower elements level such as
handling, treating and disposal costs.

Step Two - Specify Estimating Methodology

Step Two is often the most time and labor consuming of the seven steps in the cost estimating process.
This step includes data sources, data collection, and data evaluation, which often are performed in an
iterative process because al the data is rarely in the first location the analyst searches. Then, the
availability and quality of the data determines the selection of estimating methodologies, tool selection,
risk assessments and cost sensitivity analyses. We will take each of the components of Step Two and
address them individually. As we did for Step One, we will describe Step Two in general and then
explain, where appropriate, any differences between program estimates and trade studies.

Data Sources

In general, data sources can be primary (data obtained from the original source of information) or
secondary (data derived from primary). Potential data sources for the cost analyst include the following:

Contractor’s Accounting System: This is a primary source of data and includes contract information,
|abor hours, dollars and cost of material.

Contracts, Contractor Proposals, Cost Reports: A secondary source as the data in them has been
extracted from the contractor’s accounting system. To use these sources, you need to be able to map
costs in the WBS items and into recurring vs. nonrecurring categories of cost. One should not use
these reports unless you have gone to the contractor’s plant/site and examined the mapping of the
accounting system data to the cost report.

Historical Databases: These can be primary or secondary. When using CERs, models or studies, you
should note how the database was derived. Did it come from primary or secondary sources? Thisis
where you will determine the validity of the data.

Functional Specialists: These can be primary or secondary. For example, a Government test agency
that conducts their own work in-house and gives actual costs, is a primary source. If the same agency
gave a ballpark estimate of how much something cost three years ago, it is secondary.

Other Organizations/Agencies: These can be primary or secondary. |f a medical center at an Air
Wing collects their in-house medical examination actua costs, it is a primary source. If the same
medical center gave a ballpark estimate of how much something cost three years ago and the Wing
has increased or decreased in size, it is secondary.
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For ESH technical and cost data, there are many data sources. However, because the topic is relatively
new to the costing community and evolving, it may not be the typical places the cost analyst has searched
in the past. When trying to select initial data sources, the cost analyst should focus on where the technical
risks are found and then filter for those that are ESH related. One of the best places to start is with the
weapon system program office. If they do not have the relevant ESH data needed to support your
program cost estimate or trade study, they can usually direct you to the proper personnel associated with
the weapon system. It may be an ESH specialist, engineer, organization/agency, or contractor. Finally,
there are numerous external data sources for ESH technical and cost data. The next few paragraphs will
describe a number of the data sources that the cost analyst may find useful.

Center Cost Libraries. Center cost libraries as well as other Air Force and Services cost
libraries may be useful for locating program cost estimates or trade studies with analogous
systems ESH estimates and actual costs.

Visbility and Management of Operating and Support Costs (VAMOSC). VAMOSC is the
Air Force's primary information system for reporting historical weapon system O& S costs in
standard format. It contains O& S costs and operational statistics (flying hours, inventory) by
Mission Design Series (MDS), Maor Command (MAJCOM) and Fiscal Year (FY) and is
derived from base and depot level financial, personnel, and operational data. ESH costs may
be extracted via queries of selected Program Element Codes (PECs), Responsibility
Centers/Cost Centers (RC/CCs), and Expense Element Investment Codes (EEICs).

Standard Base Supply System. Contains the unit costs of national stock numbered items.
Information may be obtained through the Base Supply Customer Support Function.

Phoenix/Command Core. Phoenix is a system used by Bioenvironmental Engineering and
Occupational Health organizations to track information related to occupational exposure to
chemical, noise, and ergonomic hazards. Phoenix is being replaced by the Command Core
System. More detailed information is available at:

http://wwwsam.brooks.af.mil/commandcore/homepage.html-SSI.

Schedule of Refunds and Reimbursements (RRI). This is a program used by Civil
Engineering organizations to track the cost of facility maintenance and to bill reimbursable
organizations.

Air Logistics Center (ALC) Manifest Databases. The manifest databases are used to track
hazardous wastes and provide the respective disposal costs for each ALC.

GO35A. Thisis a system used by financial organizations or ALC directorates to track direct
labor and material costs by organization codes. Indirect costs are reflected in the labor
multiplier. The Depot Maintenance Budget and Management Cost System (GO35A) provides
a series of mechanized reports to measure the cost of operations against the objectives
contained in the Operating Cost Based Budget (OCBB). The cost data in the GO35A system
should agree with those amounts in the organic portion of the Depot Maintenance Business
Area (DMBA) general ledger, and those expenses input to the Depot Maintenance Production
Cost System (GO72A). Procedures pertaining to GO35A, examples of output products,
reports, and reconciliation with other documents are contained in Air Force Materiel
Command Regulation (AFMCR) 170-10.

Injury Tracking. Many base Safety Offices use the Automated Safety Analysis Program.
This program tracks the type and cause of personnel injury. Costs associated with the injuries
are not tracked in this system. Contact the base safety office for information.
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Air Force Safety Center (AFSC). The AFSC maintains a database that tracks loss and injury
safety-related costs for weapon systems.

Defense Logistics Agency Defense Reutilization and Marketing Service (DLA/DRMS). The
Air Force DRMS database provides disposal cost of hazardous materials by fiscal year. If the
cost analyst has identified the hazardous materials and quantity expected for disposal, they
may apply the factors given in the database to estimate the total disposal cost for those
materials.

Program Cost Estimate

Early in the acquisition life cycle, estimates may rely on prime contractor cost estimates that have been
done as part of the proposal process. The cost analyst should be careful in the use of this data, an
analogous estimate should be used as a cross check. For example, a follow-on satellite program’'s
Environmental Assessment (EA) was estimated to be $40K. The initial satellite program’s EA was $75K.
The follow-on EA estimate was valid because it took into consideration an existing database of
information from the initial program. The Continuous Acquisition Life Cycle Support (CALS) system
implementation may also provide useful ESH cost information in databases that are accessible directly
from the program office. The formation of the Cost Integrated Product Team (CIPT) means more cost
experts will be available and accessible during the preparation of cost estimates. Take advantage of this
exposure to explore data sources through this group.

Trade Sudies

One of the key challenges in Trade Studies is keeping the data collection broad enough to consider all
impacts of the aternatives. Certain ESH activities may be readily separable and easy to cost, such as a
unique waste stream. However many of the ESH aternatives have implications on performance,
reliability, and logistics support. Data must be collected on all of these impacted functional aress.

Data Collection

In most cases the ESH cost data exists, it just may not be in the SM’s shop. If necessary, the cost analyst
may have to visit the data sources. Historical ESH cost data is available at the bases for fielded systems.
Fielded systems that might be replaced by the new system or improved by a modification program are
excellent sources of ESH cost data. The cost analyst will need to tailor these data to the specific program
they are supporting. Basdline data voids will be the exception not the rule; however, the data usually
resides outside of the normal cost channels. For newer materials and processes, the data may need to be
obtained from other services or industry sources and research reports. The ESH cost data for fielded
systems can usually be found at ALCs, contractor logistic centers, base clinics, in safety offices, and at
the base Civil Engineering (CE) offices. These offices must react to and mitigate ESH problems with the
weapon systems at their bases. The safety database at the Air Force Safety Center is also a good source
of loss and injury information. Following are some general discussions talking about cost data
availability by discipline.

The environmental category is where hazardous material and waste related costs are incurred but not
clearly accounted for. Historically, environmental costs have been hidden in overhead accounts or
wrapped into labor rates for environmental related efforts that are performed in the development and
production of the system. The cost andyst may find relevant environmental studies in their
organizations' cost library or with the weapon system program office they are supporting. A review of
the other Service cost libraries may also provide useful data. Finally, contractors/industry are good
sources for information on current and newer material hazards.

Safety cost data during acquisition is readily available. During weapon system acquisition there are a
number of system safety tasks. These include the development of a system safety plan and system safety
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analyses. Most of the safety activities and their associated deliverables by prime contractors have been
separately priced. The government side of safety is associated with the review of contractor material and
generally can be estimated by manpower. The safety plan will identify the high and medium/serious risk.
In all likelihood, the high and medium/serious risk issues are the significant cost drivers.

Occupational Hesdlth is aso generally characterized as having adequate cost data. The Medical function
provides support in the area of occupational health and includes physicals and occupational health
surveys. The cost of physicals and medical treatment of personnel is contained in base operating support
factors. At the depots, it is provided through reimbursements by host medical organizations. Finally, the
staff of the occupational health organization can be allocated to the functions supported.

In data collection, asking the right question is often the key to getting the right data. Several agencies
have prepared questions or templates to assist in data collection. Listed below are sample questions the
cost analyst may find helpful.

New versus old system

What existing system is being replaced?

What are the risks associated with the existing system?

Are there ESH related cost drivers associated with the risks?

Are the ESH related cost drivers applicable to the new system?

Has the program identified mitigation actions for the cost drivers?

What is the life cycle cost of the mitigation actions versus the life cycle cost if the risk is not
mitigated?

Are there unique ESH related life cycle costs associated with the new system?

Other questions that may assist the cost analyst are listed in Appendices |, J, and K. Appendix | provides
ESH cost identifying questions that are arranged in aphabetical order by topic name. This is especialy
helpful for the cost analyst that is new to the ESH topics. Appendix J provides ESH cost identifying
guestions that are aimed at organizations and functions. Appendix K provides sample questions for the
ESH professiona to use evaluating aternative materials and processes. Answers to these questions will
help identify ESH cost drivers or sources of cost data useful to the cost analyst. Participants of this
document found these questions to be very helpful with the data collection effort for the fighter aircraft
example that isincluded in Appendix A of this document.

Program Cost Estimate

In Step One, (defining and planning the cost estimate) a technical baseline and work breakdown structure
appropriate to the acquisition phase were defined. These two items drive the data collection effort. The
cost analyst will look for data that will plug directly into the cost elements. If the program cost estimate
is being performed early in the acquisition life cycle, the cost data sought may be genera in nature. The
lack of system definition may lead the analyst to use analogous systems for the estimates. While thisis a
sound approach, few program offices have separately estimated the ESH costs of their systems and even
fewer have done it consistently. A space system such as the Delta launch vehicle, which uses both liquid
engines and solid motors, may look to the Titan IV, which uses both types as well. The challenge will be
that the chemistry of propellants and quantities of fuel are significantly different.

Another challenge in using analogous cost collection techniques is that the ESH costs may not be defined
in the same cost elements. One way to work this problem is to ask questions from the ESC Enhanced
WABS to identify the costs and then ask which cost element contains the costs. The following steps may
be useful in the questioning.

1. Review the applicable cost work breakdown structures (highlight the cost elements expected to have
ESH costs).
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2. Read the definition of those cost elements to the functional expert, ask them if they will have similar
costs.

3. Ask them where those costs are captured on their program (which cost elements).

4. Where costs are embedded in cost e ements with non-ESH costs, ask for an estimate of the percentage
of the cost element value attributable to ESH.

5. Ask how the ESH percentage was obtained.

Trade Sudies

Questioning for Trade Studies is different than for program cost estimates. Questions must focus on the
definition of technical baselines for each alternative and identification of the sensitive differences
between aternatives. In some respects the questioning is similar to a program cost estimate where an
engineer is asked to describe the new system in relationship to the one it will replace. The big difference
isin the level of detail. Listed below are some questions that may be helpful in data collection for trade
studies.

1. Why was the trade study initiated? (The purpose, be it compliance, cost, performance, or risk, gives
insight to the cost analyst)

2. What are the adternatives being considered? (This frames each technical baseline)

3. For each of the life cycle phases (design, development, test and evaluation, production, operations,
and disposal), how do the alternatives differ? (This gives the analyst insight about which phase(s) to
focus on)

4. What data sources were used for technical information regarding the aternatives? (The technical
information may have cost data associated with it that the engineer is not aware of)

5. Do any of the dternatives have applicability to other programs, systems, or components? (The
analyst can check those other programs for any applicable cost research)

Data Evaluation

This portion will discuss the evaluation of technical and cost data. Data evaluation addresses
considerations such as the source of the data, how it was collected, the completeness of the data, and other
factors. When the evaluation is completed, it then drives the selection of estimating methodology, tool
selection, risk assessments, and cost sensitivity analyses. Data evaluation is standard procedure for a cost
analyst with methods and procedures contained in standard cost estimating guidance. One of the biggest
issues in ESH evaluation is the mixing of commercia and defense data For example, consider
alternatives for solvents. There are a number of commercial databases that list alternatives for solvents
that are ODSs. There is reluctance on the part of military systems developers to use these alternatives
databases as the analysis and evaluation may not have considered the more extreme environmental
conditions of the systems use (i.e., weather, space, or nuclear environments). The cost analysts need to
make similarly sure that the cost data reflects the same intended environment.

The completeness of ESH cost data is very important. Complete cost data means that all the sensitive
background information is included. As an example, consider the cost of an Environmental Assessment
(EA) for a satellite system. Assume that a cost for an EA was cited as $50,000. That number might be
useful for an analogous estimate. But if the number reflected the EA for the initia system production
rather than ssimply the follow-on production award to another contractor, the use of this cost could be
misapplied. The bottom line is to make sure al the cost background information is available and
understood before using a number.

Data completeness in trade studies is equally important. Locality is a good example. A cost for
hazardous material use may vary because of the location it is used in. The Southern California Air
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Quality Management District (SCAQMD) is one of the nation's most stringent. Complete cost
background information will prevent a number from a less stringently regulated area being applied to a
more stringent area.

Since there is no distinction between data evaluation in program cost estimates and trade studies, no
separate breakout paragraphs are provided.

Selection of Estimating M ethodologies

Having chased the data at the data sources and collected the information, the next few paragraphs
describe how data evaluation is fed into the selection of estimating methodologies. Some of the
estimating methodologies the cost analyst may use are parametric, analogous, engineering build-up, and
vendor quotes. Parametric involves the development and utilization of an estimating relationship between
historical costs and the program/physical/performance characteristics of the system. An example of a
parametric estimate is the amount and cost of hazardous paint remover expressed as a function of the
square feet of skin surface on an aircraft.

The analogous cost estimating method is often used early in the program life when sufficient cost data is
not available but adequate program and technical definition exists. It is based upon actual costs of smilar
current or past systems. This method requires detailed engineering assessment to ensure that the best
analogy is used. An example of an analogous estimate would be to compare the waste steam costs of
paint/depaint operations between the F-16 and the F-15 aircraft. Here, some care would be required as
the F-15 has significantly more surface area.

An example of an engineering build-up ESH estimate would be one that identifies al the hazardous
materials, safety hazards, and occupation health risks associated with a system and then builds up the
ESH costs using detailed |abor and material information from the lowest level possible in the WBS.

An example of using a vendor quote for an ESH estimate would be collecting the cost of personad
protective equipment (PPE) that will be used for an abrasive stripping depainting operation on aircraft. It
is important to have the quantities correct for this method because there are often volume discounts for
large orders.

For a comprehensive description of cost estimating methodologies, the cost analyst should use the AFMC
Cost Estimating Handbook. Specific cost methodology options and preferences may also be available at
the Product Center Cost Divisions or at the Air Logistics Centers.

Program Cost Estimate

Parametric cost methodologies are frequently used in ESH cost estimates. One common example is ESH
planning costs. These costs are often included in the Systems Engineering/Program Management cost
element. This cost element is estimated as a percent factor of research and development costs.
Engineering Build-up is a method used in ESH cost estimating of the O& S phase. An engineering build-
up is performed on the depot labor rates with each applicable Responsibility Center/Cost Center (RC/CC)
being summed until a rate total is calculated. For example, ESH costs were found to be approximately
three percent of the fully burdened hourly depot rate during an analysis of the F-16 program.

Trade Sudies

While a trade study may have al types of methodologies, it is most likely that the sensitive elements of
cost will be estimated using engineering build-ups. One reason isthat the aternatives are by nature, fairly
technical. Another reason is that ESH costing is in itsinfancy and Cost Estimating Relationships (CERS)
that define specific alternatives have not yet been developed. There is some potentia in the use of
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anal ogous estimating methods as other system’s leading edge techniques are adopted by weapon systems
in development.

Planning For Tool Use And Availability

The type of data collected and estimating methodol ogies chosen will determine the selection of estimating
tools utilized. The majority of ESH estimates will not require any special cost estimating tools. The use
of spreadsheet tools (e.g., Excel, Lotus) should provide sufficient capability. However, where the use of a
unique tool is required, it is not uncommon for cost estimating tool availability, training, and data
transfer/transation to impact the schedule for a cost estimate. When planning, consider any special tools
or models that may be required. If they are not available or require training for their use, request support
early in the planning period. The lead-time for training could be a matter of weeks or months. If the
model or tools will not be available to complete the estimate on time, then revise the estimate schedule or
change to alternative estimating approaches or methods.

The compatibility or fit of cost tools to the desired presentation of cost values should also be considered.
Certain models may calculate costs that include ESH costs but do not display the ESH costs separately.
Others may clearly breakout the ESH costs. Try to match the model to the desired presentation of costs
and where that is not possible, plan for trandating the model output to the form desired. For example,
depot maintenance costs using the Visbility and Management of Operating and Support Costs
(VAMOSC) database or the Cost Oriented Resource Estimating (CORE) database will include ESH costs.
However, the visibility of ESH cost to functional discipline (i.e., medical surveillance or protective
equipment purchase) is not provided without additional queries.

There are numerous past and current ongoing research studies that seek to improve the defense
community’s ability to estimate ESH costs. Efforts have included surveys of existing techniques and
models, modifications to improve the current family of tools, and development of new techniques and
tools. Possibly the most noted study to date that has researched available tools and techniques was
performed for the Office of the Secretary of Defense (OSD) Program Analysis and Evaluation (PA&E) by
the Capstone Corporation. The study, Evaluation of Environmental Management Cost-Estimating
Capabilities for Major Defense Acquisition Programs, 22 March 1994, revealed that ESH cost tools
cover the areas of environmental restoration and corrective measures very well but are lacking in the ESH
activities that occur during the acquisition and support phases. The cost tools/methods that have been
developed are for specific applications and generally do not meet the diversity of weapon systems being
fielded. The tools/methods are currently evolving and it will take years for them to mature to the point
where al weapon systems are addressed. The rapid growth in available ESH software makes the
Capstone study somewhat dated. SMC funded a more recent study in 1997 that performed a search for
potential ESH cost estimating tools. Appendix M provides a brief overview of the potential tools.

Program Cost Estimate

The CIPT may have experience and preferences for certain models. There may be certain tools that are
more readily accepted by the various levels of review for a major program cost estimate. These factors
should be considered in tool selection.

Trade Sudies

Planning for ESH trade studies should likewise consider the tools to be used. Be careful to select atool
that can address the sensitive costs; it will be the core of your trade estimate. Consider the roles that risk
will play in the trade study. If there is a significant difference in the risk associated with each aternative,
then consider models that display and quantify risk in clear measurable terms. Look for models that can
trandate exposure risk to dollar values. Additionaly, consider the use of models that will address
contingency liabilities such as fines and penalties where a significant risk is involved with the use of
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hazardous materials. A fina item to consider in tool selection is the ability of the models to display the
differences in alternatives in such financial terms as return on investment, pay back period, and net
present value.

Risk Assessments

Treatment of risk is a subject with dual meaning for a cost analyst. It may refer to the error of the cost
estimate from uncertainty. It isalso aterm often used in the ESH world and associated with the exposure
of personnel to hazardous materials, noises or other ESH effects.

Risk management is an organized process of identifying potentially undesirable program events and then
establishing and executing the appropriate risk mitigation actions. ESH risk management is a subset of
program risk management with focus on ESH events. The goal of ESH risk management is scientifically
sound, cost effective, integrated actions that reduce or prevent risks while taking into account socia,
cultural, ethical, political, and legal considerations. ESH events include, but are not limited to, health
risks from exposure to harmful elements, ecosystem damage, injury or death to personnel, and damage to
or loss of equipment. The consequences of ESH risk will vary and can include cost (fines, pendlties,
repairs, and replacement), schedule delays, degraded performance, and the loss of public goodwill.

Although the evaluation of cost, technical, and schedule risk occurs after the calculation of the point
estimate, it is important to plan early and search for the potential high and medium risk activities that may
determine a methodology for risk analysis. The inclusion of ESH risk is required for both program cost
estimates and trade studies. There is no distinction in the application between cost estimates and studies.

Cost Sengitivity Analysis

A part of the cost analyst’s job is to identify the sensitivities associated with each estimate. Simply put,
this means identifying the variables, which if changed, significantly impact the cost estimate. For
example, a data collection effort at Ogden Air Logistics Center (OO-ALC) by SMC in 1997 found that
approximately three percent (3%) of the depot maintenance rate was attributable to ESH activities. Of the
3% ESH activities, 74% were environmental related, 13% were safety related, and 13% were health
related. Some ESH costs were directly attributable to cadmium. If cadmium plating were eliminated
from the maintenance processes, an analysis could be performed on the reduction in the overall ESH costs
for elements such as hazardous material and hazardous waste, physicals, PPE, and health monitoring.

Although the cost sensitivity analysis typically occurs during excursions after the calculation of the point
estimate, it is important to plan early and search for the ESH activities that may impact the element
selection for cost sengitivity analysis. Since there is no distinction between treatment of sengitivities in
program cost estimates or cost trade studies, no separate breakout paragraphs are provided.

Steps Three through Seven

Steps three through seven in the cost estimating process are not treated any differently in the case of ESH
cost estimating.
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Appendix A — Program Cost Estimate Examples
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Delta Il (MLV 1ll) Space Launch Vehicle

Summary

This Program Cost Estimate (PCE) of the Life Cycle Costs for a Space Launch Vehicle isincluded as an
example of afull and complete LCC estimate for a system which included ESH cost impacts in the PCE.
The purpose of this exercise was to determine the Life Cycle Cost for the Delta Il / Medium Launch
Vehicle (MLV) IIl program and review the methods used to determine if and where ESH costs were
considered in the most recent Program Office Estimate (POE). The results of the analysis of this PCE
indicate an inclusion of appropriate ESH costs and that they are in concert with the expected values of
similar launch vehicle PCEs researched in preparation for this guide. This investigation found
approximately 0.5% of the program cost was attributable to ESH impacts. This percent varies by phase of
the program, but in general will total that amount for this launch vehicle program with the heaviest
application in the O& S arena.

Step One - Define and Plan the Cost Estimate
Establish the Technical Baseline to be Estimated

The MLV 11l Program Office previously established the MLV 111 technical baseline in the PCE (also
known as the Bluebook). The following is a brief overview of the weapon system. This effort is
necessary in order to provide the analyst with some knowledge of the system and its operating
environments in order to obtain a feel for where the ESH costs might need to be included. Also, a
knowledge of the system will provide some indication of the types and efforts to alocate to the E, S,
and/or H elements to be aware of.

Program Background

Following the 28 January 1986 loss of the Space Shuttle Challenger, Global Positioning System (GPS)
Satellites were left without a means of launch. In reaction, the government produced a Space Recovery
Plan, which designated the MLV | program to provide launches for the GPS constellation. In competitive
contracting, the McDonnell Douglas Aerospace Corporation (now Boeing) was awarded a turnkey
contract. The MLV program uses Delta Il vehicles and derivations thereof. The first option was
exercised in January 1988 with a total planned procurement of 20 vehicles. In August 1991, an MLV |
follow-on contract again was awarded to Boeing for the MLV 11l program, allowing for up to six (6)
vehicles per year through FY 99.

Weapon System Description

The MLV Il system is used by the Air Force to deploy government space vehicles to their required orbits
in support of global military operations. The Delta Il (7925 booster design) core launch vehicle was
selected to satisfy the MLV [11 mission requirements.

Since the Delta Il launch vehicle has been tested and successfully flown under the MLV | program,
minimal development testing was required for MLV Ill. The Delta 7925 is a three-stage rocket system
modified from the existing Delta 6925 booster design. The first stage is powered by a single Rocketdyne
RS-27A using liquid oxygen and RP-1 propellants and is thrust-augmented by nine stretch graphite epoxy
motors (GEM) manufactured by Hercules. The second stage contains the guidance system and is
powered by a single Aerojet AJ10-118K engine using storable hypergolic propellants. The engine is
capable of multiple restarts and is a variant of the Titan Improved Transtage Injector Program engine.
The third stage is a spin-stabilized, standard commercial Payload Assist Module which uses a Morton-
Thiokol STAR 48B solid rocket motor (SRM). Modifications made to the existing Delta Il 7925 booster
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design to upgrade to MLV IlI specifications include a new Flight Termination System (FTS) and a
Redundant Inertial Flight Control Assembly (RIFCA) manufactured by Bendix.

The Delta Il launches a single GPS |IR satellite per launch vehicle. The vehicle flies to a parking orbit
and the satellite is inserted into a 100-by-10,998 nautical mile transfer elipse orbit by the third stage.
Insertion into the fina drift orbit is accomplished by an integral Thiokol STAR 37XFP Apogee Kick
Motor (AKM) in the GPS IR spacecraft.

The MLV 11l system has a baseline launch rate of at least four missions per year and is capable of launch
within 60 days from notification. In any given year, the MLV Ill system is capable of responding to a
launch rate fluctuation (based on the status of the on-orbit constellation) from O to 6 launches without
impacting subsequent year's operations. The system is capable of a 24-hour turnaround cycle in the event
of alaunch delay (exclusive of aflight or ground equipment failure). The ground-based elements of the
system have a design service life of at least 20 years, starting at the time of site activation, with an
operating duty period of 24 hours per day, seven days per week during periods of launch processing.

Weapon System Program Support

The concept of operations and support includes activities and other costs incurred at the launch site. The
activities are performed by the MLV |1l prime contractor, Boeing, Air Force Space Command (AFSPC),
and any contractor hired by AFSPC to support the launch base and its operations. Responsibility and
budget (except as noted below) for these activities was recently transferred from AFMC to AFSPC.

The MLV 1l prime contractor performs the launch operations at the launch base that are required to
receive, inspect, store, process, checkout, test, and launch the vehicle. The MLV 111 prime contractor also
maintains and refurbishes the facilities and equipment at the launch base as required during the life of the
system.

AFSPC manages the MLV |1l prime contractor's launch operations activities. In addition, AFSPC is
responsible for the range support at the launch site. Range support includes supplies, travel duty, missile
flight analysis, custodia services, scheduling, logistics support, grounds maintenance, communications
systems operations, program management, National Aeronautics and Space Agency (NASA) contract
support, launch complex operations, maintenance and corrosion control on structures and vehicles,
sanitation, security police, photography, telemetry, pad safety, data processing and evaluation support,
ordnance storage, and trailer leases. The budget for range support and launch propellants has been
transferred to AFSPC. However, the budget for the prime contract launch operations has remained with
AFMC. Launch operations is a separate Contract Line Item Number (CLIN) on the MLV Il prime
contract and is managed by AFSPC and administered by AFMC SMC/CLP.

Determine the Appropriate WBS for the Estimate

The following table shows the Work Breakdown Structure for the MLV 111 Launch Vehicle as established
in the PCE.

LEVEL ELEMENT TITLE
1 0000 MLV Il SPACE SYSTEM
2 1000 LAUNCH VEHICLE (LV)
3 1100 LV STAGE1
3 1200 LV STAGE 2
3 1300 LV STAGE 3
3 1400 STRAP-ON PROPULSION SYSTEM
3 1500 PAYLOAD FAIRING (PLF)
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LEVEL ELEMENT TITLE
3 1900 LV INTEGRATION, ASSY, TEST, & CHECKOUT
2 2000 SYSTEM ENG/PROG MANAGEMENT (SEPM)
3 2100 SYSTEM ENGINEERING PROGRAM **
3 2200 PAYLOAD INTERFACE (CLIN 1 — Non-Recurring (N/R))
3 2300 PROGRAM MANAGEMENT
3 2400 ADVANCED DEVELOPMENT & INTEGRATION
3 2500 PERFORMANCE UPGRADE
2 3000 OPERATIONAL SITE ACTIVATION
3 3100 PLANNING, INTEGRATION, TEST & CHECKOUT
4 3110 Qualification Activities
4 3120 Acceptance Tests
3 3200 FACILITY ACTIVATION
4 3210 Facility Support
4 3220 Mission Equipment (ME)
4 3230 Support Equipment (SE)
3 3300 TECHNICAL SUPPORT
4 3330 Technical Support Training
4 3340 Technical Library
4 3350 Resource Management & Scheduling System
2 4000 LAUNCH OPERATIONS
3 4200 LAUNCH PROCESSING **
3 4300 PAYLOAD MATING
3 4400 MISSION CONTROL
3 4500 MAINTENANCE **
4 4510 Maintenance Support PIT& C (Basic)
4 4520 Standardized Support System
2 5000 DATA
2 6000 TRAINING
2 7000 GROUND MISSION/SUPPORT EQUIPMENT
2 8000 OTHER GOVERNMENT COSTS
3 8100 Award Fee
3 8200 GSAC (3600)
3 8300 Aerospace Corporation Support
3 8400 Propellants **
3 8500 Engineering Change Orders (ECO) **
3 8600 System Program Office (SPO) Support
2 9000 OPERATIONS AND SUPPORT
3 9100 Vandenberg Air Force Base (VAFB)
4 9110 Launch Propellants **
4 9120 Range Operations **
4 9130 Other **
3 9200 Cape Canaveral Air Force Station (CCAYS)
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LEVEL ELEMENT TITLE
4 9210 Launch Propellants **
4 9220 Range Operations **
4 9230 Other **
** - Denotes those WBS el ements where the analyst will find ESH cost el ements

Table2, MLV Il WBS

Step Two - Specify Estimating M ethodology
Data Sources and Data Collection

Sorting through the POE, its supporting data, contractor files, and government reporting systems revealed
most of the ESH information needed. The following isalist of the data sources used:

1. SMC/CLM Bluebook for 1997 & 1998

2. Boeing Company (Huntington Beach, CA) Data Files and Records

3. MLV Il Cost Performance Reports (CPRs), Contract Funds Status Reports (CFSRs),
Contractor Cost Data Reports (CCDRYS)

4. 1SLSFinancial Management System Reports, Job Order Cost Accounting System (JOCAS)

5. Boeing Company (CCAS) LPAD-L410 Report, Launch Support Totals

6. MLV Il Program Office Estimate (POE) Bluebook

The Program Office was able to provide most of the sources of information. When the Program Office
did not have the data sources requested, they played a vital role in assisting the cost analyst to contact the
appropriate people. The “assistance’ role was very vital since much of the cost detailed information was
located at government facilities at the launch sight (CCAS) as well as with Boeing at CCAS.

Review of the Technical Baseline (included in the Bluebook) and WBS dictionary provided the key areas
to look for ESH elements. The technical baseline mentioned EA studies (WBS 3020), Safety Plans (WBS
3030), Vehicle Production (WBS 1000), Systems Integration and Site Activation (WBS 2000/3000),
Launch Operations (WBS 4000), as well as Operations and Support (WBS 9000). All of these areas were
considered during the Data Eva uation phase.

The Bluebook also provided total Life Cycle Cost (LCC) for the duration of the MLV 111 by appropriation
and by WBS. The following isasummary of the Delta/ MLV |11 LCC.

3600 - Resear ch Development, Test & Evaluation

PY Fyosl FY9) FEYoo| FY0l FEY0?2] FY03] Total

TOTAL 3600 REQUIRED 20.405] 6.426| 6194 6.323] 5.382 5.499 1.877] 61.106

TOTAL 3600 APPROVED 20.666]  4.317 6.403] 5.891 6.072 5.446 1989 59.784
3020 - Missile Procurement

PY Fyos| FY99 FEYoo| FYyoi FEY02] FY03| Total

TOTAL 3020 REQUIRED 486.886] 191.720| 152.033[ 37.494] 38557 27.361| 11.034) 945.085

TOTAL 3020 APPROVED 487.387| 192.189| 157.443[ 37.968 38.307| 28.021| 6.988) 948.303

3400 - Operations and Support

Cost in $M PY FY98 EY99 EY00 EYO1 EY02 FY03 Total
VAFB Estimate 3400 1.520 1.520
CCAS Estimate 3400 6.577 6.772 5.528 5.644 5.765) 2.945 33.231
Total Required 6.577 8.292 5.528 5.644 5.765) 2.945 34.751

Table 3, MLV 1l Program Costs

A-5



ESH Cost Analysis Guide

Notes: (1) AFSPC isresponsible for 3400 funding, (2) Required: Life Cycle Cost Estimate (LCCE), (3) Approved: MLV Il BES
Date of Estimate: 15 December 1997

Point of Contact for the Estimate: SMC/CLPM (Capt. Mark Eichelberger; DSN 833-0970)
Paint in Life Cycle at Time of Estimate: Production

Data Evaluation and Selection of Estimating Methodology

Evaluation of the MLV 11l data consisted of identifying the ESH costs for al appropriations and where
applicable, by WBS. The methodology for estimating the ESH portion varied by appropriation.

Since the MLV 111 is currently in Production, any 3600 Appropriation (Development) ESH costs were
already completed. Therefore, historical actuals were used and the costs by WBS were taken from the
Bluebook.

The 3020 appropriation (Production / Launch Services) ESH costs were somewhat more difficult to
determine. The actual Hardware is Firm Fixed Price (FFP) on the contract. Statistical regression was used
to develop Launch Costs using actuals to-date. Historical factors furnished by the Prime Contractor were
used to determine ESH Hardware and Launch Operations cost.

For the 3400 Appropriation, actuals from the JOCAS runs were used to develop a per launch cost. The
total ESH requirement was based on the per launch average and 25 launches from CCAS.

Risk Assessments and Cost Sensitivity Analysis

Since the purpose of this exercise was to determine the ESH contribution to the Life Cycle Cost for the
Delta Il / MLV 11l program, ESH risk was assessed at the same 70% confidence level as the MLV 11
program. The Formal Risk — Assessment of System Cost Estimates (FRISK) Model, developed by the
Aerospace Corporation, was the tool used to determine the MLV Il program risk values. It was
determined that a total of $4.697M over the total program (less than 0.45% of the total program) was
required to increase the confidence interval for the program from the 50% to the 70% confidence level.
Since the ESH costs were 0.5% of total system cost, the ESH risk was calculated to be 0.5% of the
$4.697M or $0.023M.

Step Three - Summarizing the | dentifiable Deltall (MLV I11) ESH Costs

ESH Vaues:

3600 Appropriation: Research & Development (R&D)

The following are the WBS elements in R&D that contained ESH costs. They have been completed and
closed out, and are no longer carried in the WBS Structure.

WBS 3020: EIS AND ENVIRONMENTAL IMPACT STUDIES; 3600 Appropriation; Source of
data: Actual Funding Documents; Then Year (TY)$ 297K.

WBS 3030: ENVIRONMENTAL ASSESSMENT EXPLOSIVE SAFETY PLAN; 3600
Appropriation; Source of data: Actual Funding Documents; TY$ 120K.

Total 3600 Approved - TY$59.784M.; ESH Spent - TY$0.417M. % ESH = 0.7%. This
value is consistent with similar launch programs analyzed for ESH costs in development efforts.

3020 Appropriation: Procurement

WBS 1000: LAUNCH VEHICLE (LV). The ESH costs incurred in the production of the
hardware for the Delta Il, 7925 configuration, are included in the price of the hardware. The
MLV 111 Launch Vehicle is procured off a commercial production line by the USAF as a Firm
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Fixed Price (FFP) Option Exercised. The vehicle is procured as required to launch the GPS IIR
satellites. It is produced in Pueblo and shipped to Cape Canaveral Air Force Station (CCAYS)
where it is integrated, checked out, erected and launched. Since the vehicle is procured as a FFP
item, visibility into the costs as they are built up is severely limited. Conversations with the
Boeing Program Manager and his Financial Staff assure us that the ESH Costs are included in the
costs of the hardware as applicable, based on a standard allocation scheme established through
negotiation within the organization. This equates to factors applied to the cost to develop a price
for the deliverable, otherwise known as “burden”, and this factor is estimated to be Y2 of 1%.
(0.45% per Sue Blodgett, Boeing Financial Management)

WBS 2000: SYSTEM ENG/PROG MANAGEMENT (SE/PM). Included above in the FFP
CLIN.

WBS 3000: OPERATIONAL SITE ACTIVATION. Included above in the FFP CLIN.

WBS 4000: LAUNCH OPERATIONS. This effort is Cost Plus Award Fee (CPAF), and is
priced based on the actual hours required to perform the launch activities at CCAS. It includes
the hours for Launch Processing Documentation, Delta Missile Check-Out, Solid Rocket Motor
buildup and assembly, Upper Stage Integration and check-out, and On-Pad Integration and
Testing. ESH activities are a natural part of the launch operations activity and, as such, are
included in the hours required to perform the activity. The cost of any discrete element is not
separately identified to that level in the hours report, however, the Boeing Business Manager (Mr.
R. B. Holder) estimates the ESH effort to be approximately %2 to 1% of the total hours required
for Launch Operations at the Cape. This suggests that on the average, ESH cost per launch range
from 240 hours to 480 hours, or $18,000 to $36,000. The mid-point ($27,000) was assumed for
ESH calculations

To determine the total ESH costs for Production, one must sum the individua launch costs for Hardware
and for Launch Operations for the number of launches. Once one has this value, it can be divided by the
Total Approved Program Funding for the Production program to arrive at a percentage value for ESH
costs in Production.

Hardware: Twenty launch vehicles at an Average Unit Cost of $33.9M is $3.4M for ESH during
hardware Production. ($33.9 x 20 = $678M x 0.5% = $3.4M)

Launch Operations. Twenty-five launches at the average value of $27,000 per launch totals
$675K for ESH during Launch Operations.

The Total Approved Program Budget, TY $is$948.303M for Production. $3.4M + 0.675M = $4.1M
for ESH during Production, or approximately 0.43% of the total Approved Program. This is
consistent with similar launch programs analyzed for ESH costs as a percentage of the total.

3400 Appropriation: Operations and Support

This WBS category contains the ESH-related costs associated with the Operations & Support activities at
the Launch Complex. These activities include, but are not limited to, Safety Inspections, Personnel
Safety & Security, Environmental checks, spill cleanup and/or monitoring, Disaster Preparation Planning
and Operations, etc. The Base Financial Management System that is used to accumulate these costs is the
Job Order Cost Accounting System (JOCAS). This system collects costs by hours and dollars to each
Resource Center or Cost Center (RC/CC) as appropriate.

WBS 9100: Vandenberg Air Force Base (VAFB). The costs for Vandenberg were developed in
the same manner as those for Cape Canaveral. The annual Operating and Support requirements
are the same, however there are significantly fewer DoD launches from Vandenberg. The
funding for these operations are borne by Space Command, and will be the same, percentage-
wise, as the Cape. Functions are the same for both ranges as each is governed by the same
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regulations and policies with almost identical manning. However, due to the USAF not launching
Ddta IlI's at VAFB under the current contract, these costs are not included in the MLV Il
Bluebook. If further research is deemed necessary, the effort to acquire and include
documentation of these costs will require only the gathering of the data from that location and
sorting it to the proper RC/CC. The data systems for both ranges are the same.

WBS 9200: Cape Canaveral Air Force Station (CCAS). The annual Operating and Support
requirement for the CCAS Delta Flight averages $4.88M per year. This requirement can vary
with the number and type (Commercial or DoD) of payloads launched, but has remained rather
constant over the Delta Il Vehicle launch years. These factors presented here are a result of
projecting the costs per launch as were accumulated in the JOCAS to the launches scheduled for
the remaining program years. They were then corroborated with AFSPC’s “Delta Il Cookbook”
compiled by Major J. Bachman of the Space Command Program Element Monitor (PEM) group.
This requirement, annualized, matches the Budget Estimate Submission for the Launch Vehicles
Program Element.

WBS 9220 Range Support & WBS 9230 Other. The following table summarizes the actuals for
JON 770001, CCAS. The RC/CCs are those applicable to ESH at CCAS Launch Complex 17A
& B.

RC/CC EEIC WBS Description $K, 1997
40494A 555B3 9230 Security Service 0.4
40494A 555BT 9230 Security Service 0.2
201061 392 9220 Systems Safety 13
201064 59913 9220 Flight Safety Analysis 2.6
201064 599923 9220 Flight Safety Analysis 8.4
252MDC | 55472 9220 Weather Systems 1.8
252MDF | 55472 9220 Radar Systems 0.4
40491D 555B5,R, X | 9220 Disaster Prep Planning 11.1
40493A 555B4 9220 Fire Protection Services 1.8

TOTAL ESH 28.0

0& S Cost Per Launch 1329.2

ESH % of Requirement 211

Table 4, MLV 1ll WBS/RC/CC Matrix

Total 3400 Approved - TY$34.751M; ESH Spent - TY$0.028M times twenty-five launches totals
TY$0.700M. ESH % =

2.11%.

Summary of ESH Values

ESH costs as a percent by Appropriation:

Development (3600):
Production (3020):
Opns & Suppt (3400):

Total

Remarks

Upon review, the cost estimating techniques for the launch vehicle and operations provided good insight
into the total weapon system life cycle ESH costs. Since this system was aready in the middle of
production, launch operations had begun and AFSPC provided detailed information regarding activities at
CCAS through the JOCAS system. A large amount of information was available for ESH considerations

ESH Costs
TYS$ 0417 M
TYS$ 4.065 M
TYS$ 0.700 M
TYS$ 5.182 M

59.784 M
948.303 M
34.751 M

1,042.838 M
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if the cost analyst knew where and was given permission to search for the data. The Delta launch vehicle
example may be an exception rather than the rule for the level of data collected. Thisis because the cost
estimating support contractor for the Delta Il Program Office is the same support contractor that
published this guide. This direct contact opened many doors and made some of the analyses easier to

determine.
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Fighter Aircraft

Summary

The purpose of this example is to estimate and determine the magnitude of the ESH costs in the operating
and support (0& S) phase (including Demilitarization and Disposal) for the life cycle of afighter aircraft.
The effort included data collection from the system program office, an Air Logistics Center, the Visihility
and Management of Operating and Support Costs (VAMOSC) database, and a Government Accounting
Office (GAO) report on demilitarization and disposal costs for aircraft. The specific type of VAMOSC
database query was key for determining the detail of ESH costs. Using the standard report format, the
ESH costs were determined to be approximately one percent (1%) of the O&S cost. When a more
detailed and time consuming ESH specific query of VAMOSC was performed, the ESH costs were
determined to be approximately two percent (2%) of the O&S cost. The VAMOSC database includes
ESH costs within the O&S cost framework and provides the flexibility for increased detail given
sufficient time and resources.

Step One — Define and Plan the Cost Estimate

Establish the Technical Baseline to be Estimated

An existing fighter aircraft was chosen as an example because there are significant numbers in the
inventory, all phases of the life cycle have been reached, and because there are hazardous materials
involved in construction and operation of the aircraft. The fighter aircraft selected has one of the longer
production runs for Air Force systems. The aircraft entered full-scale development in 1975 and the first
production aircraft was delivered in 1978. Production has continued since that date. While production
continues, the earliest aircraft have started to be deactivated so that demilitarization and disposal cost data
have become available. The aircraft is produced in multiple models with a number of different
configurations of production. Over 50 different block configurations have been produced. The technical
baseline was limited to the C and D models of the aircraft. No attempt was made to track at the block
configuration level. Thiswould have required tracking at the aircraft serial number level.

Determine the Appropriate WBS for the Estimate

The O&S cost WBS format includes the CAIG recommended O& S cost breakdown structure and the
Weapon System Support Cost (WSSC) format. The CAIG format approximates the MIL-HDBK 881
format and was selected for this estimate. Table 6 in Step Three of this example illustrates the WBS
structure.

Step Two — Specify Estimating M ethodol ogy

Data Sources

Data sources included the aircraft Program Office which provided the C/D model System Level Baseline
0&S Cost Estimate. We aso received a Program Cost Estimate (Blue Book) which provided
representative estimates of O& S costs at the squadron level derived from the Cost Oriented Resource
Estimating (CORE) model. None of the material collected at Aeronautical Systems Center (ASC)
contained a breakout of ESH costs.

Data collected from VAMOSC included specific O& S costs by unit. In addition to that which is available
online via the Internet, special queries were made to further explore cost categories that contained ESH
costs. Thereisafairly significant amount of the aircraft O& S costs in the VAMOSC database. Although
it is hampered by visibility into exact cost elements, there is some extrapolation possible with additional
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information. For example, it is possible to capture the command element costs for afighter unit. Then by
interviewing unit personnel or by reviewing manning documents, it is possible to determine the number
of personnel in the safety or environmental management divisions within that command element and a
percentage of costs can be determined as applicable to ESH.

For the depot portion of the O& S costs, we were able to reasonably estimate the percentage of the depot
maintenance labor rate that contained the ESH costs by collecting the actual costs from the financial
management budget organization. This was determined for Ogden ALC which is a primary support ALC
for the aircraft.

Data used for the O& S estimate came from the VAMSOC database for the C/D aircraft versions in 1996.
Aircraft belonging to Air Education and Training Command (AETC) were used to derive a per aircraft
estimate of ESH costs. AETC flies peacetime sorties in the Continental United States (CONUS),
potentially the most stringent ESH regulations.

Data on the demilitarization and disposal costs were abtained from the Government Accounting Office.
This agency had been citing the Services for claiming that they were unable to estimate the costs of
demilitarization and disposal (D& D) of weapon systems. One research study was devoted to estimating
the costs for avariety of Army, Air Force and Navy aircraft. The cost figuresin that report were used due
to the absence of any other D& D data. Those numbers lacked clear identification of areference cost year.

Data Collection

Operating and Support Costs were collected during visits to the aircraft Program Office at Aeronautical
Systems Center, Ogden Air Logistics Center, and the Prime Contractor’'s Facility. The samples of
guestions asked during the data collection effort are located in Appendix J.

Selection of Estimating Methodologies

The predominate estimating methodology utilized was an engineering build-up of the costs from the cost
data sources. Depot costs were the actual costs used for rate determinations. VAMOSC data is actual
cost data from operating unit and supporting unit cost reports.

Planning for Tool Use and Availability

Since the compilation of ESH costs in the O& S phase of an aircraft had not been performed previoudly,
tool use and availability would depend upon the data sources and formats of the data VAMOSC was a
known and use of the tool was planned from the start. Data gathering of depot level costs revealed that
much of the depot level costs would have to be extracted for organization cost reports and transferred to
spreadsheets.

Risk Assessment

No risk assessment was performed with this magnitude estimate.

Cost Senditivity Analysis

No sensitivity analysis was performed with this magnitude estimate.

Step Three— Summarizing the Fighter Aircraft O& SESH Costs

The ESH O&S costs were calculated using two methodologies. The first took the CAIG O& S structure
and determined the O& S cost for asingle aircraft. The average for AETC was used. Then for each of the
cost elements, applicability of ESH costs were determined and estimated as a percent of the cost element.
A combination of head count (HC), depot rate factors (Rate) and engineering estimates were used to
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estimate the ESH cost in each O& S cost element value. This technique yielded a value of $21,908 per
aircraft per year in FY 1996 dollars. This value included the D& D costs presented as an average cost per
O&Syear. As a crosscheck, the VAMSOC query for Shaw AFB was adjusted to a per aircraft value for
the same FY96. This value was $45603. Since this query used more specific Expense
Element/Investment Code (EEIC), Program Element Code (PEC), and Responsibility Center/Cost Center

(RC/CC) elements, we believe the larger value better represents actual ESH costs.

The following table summarizes the results from the VAMOSC standard report query.

0&S Cost ESH Cost Allocation
CAIG Level 1 CAIG Level 2
Mission Personnel Operations(Aircrew) $ 81911 $ 328 HC
Mission Personnel Maintenance $ 480,918 $ 1,443 HC
Mission Personnel Other Mission Personnel $ 85,749 $ 857 HC
Unit Level Consumption Aviation POL $ 175,381
Unit Level Consumption Consumable Supplies $ 64,702
Unit Level Consumption Depot Level Reparables $ 238,533 $ 3,459 Rate
Unit Level Consumption Training Munitions $ 46,453
Unit Level Consumption Other Mission Support $ 437
Depot Maintenance Overhaul/Rework $ 33,143 $ 961 Rate
Depot Maintenance Other $ 147,734 $ 4,284 Rate
Contractor Support Other $ 180
Sustaining Support Replacement Support Equipment  $ 41,081
Sustaining Support Mod Kit Procurement/Installation ~ $ 55,202 $ 552 4A mods
Sustaining Support Other Recurring Investment
Sustaining Support Sustaining Engineering $ 6,429 $ 186 Rate
Sustaining Support Software Maintenance $ 8,231
Indirect Support Personnel Support (Medical) $ 119,108 $ 2,382 HC
Indirect Support Personnel Support (Training) $ 142,020 607.57 HC
Indirect Support Personnel Support (PCS) $ 16,468
Indirect Support Installation Support (BOS) $ 138,485 $ 1,385 HC
Indirect Support Installation Support (RPM) $ 61,948 $ 3,097 HC
Indirect Support Installation Support (IS) $ 146,072
D&D Avg $ 2,365 GAO
O&S Cost per Aircraft  From VAMOSC standard report $ 2,090,186 $ 21,908
0O&S Cost per Aircraft ~ From Shaw AFB Query $ 45,603

Table 5, Fighter Aircraft ESH Costs

We found that in addition to using the standard reports available from the VAMOSC database, specific
queries are possible. The table below shows the detailed ESH costs that were extracted through a query
of selected PECs, RC/CCs, and EEICs for Shaw AFB in 1996. Shaw AFB hosts the fighter aircraft
Tactical Wing as well as Air Combat Command Headquarters.
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Cost Element Amount in FY96%$
Environmenta
Compliance
Contractor Environmental Services 643,106
Personnel 24,363
Real Property, Wastewater treatment* 443,944
Conservation
Contractor Environmental Services 504,598
Pollution Prevention 44,998
Defense Environmental Restoration 1,190
War Reserve Materid
Contractor Environmental Services 440,429
Contractor Hazardous Waste Management 60,000
Contractor Hazardous Waste Treatment 785,014
Safety
Headquarters Level
Personnel (Civilian (CIV)) 30,745
Personnel (Military (MIL)) 546,414
Temporary Duty (TDY) 30,677
Supplies/Equipment 4389
Unit Level
Personnel (CIV) 100,162
Personnel (MIL) 320,826
TDY 16,710
Supplies/Equipment 16,527
Training 2,887
Total ESH Cost 4,013,079
ESH Cost Per Aircraft 45,603
* Wastewater treatment is not normally considered an ESH O& S Cost

Table 6, Shaw AFB VAMOSC Cost Data

None of these costs should be used in an estimate without verification at the source of expenditure. These
costs do however point out the level of detail available in O& S costs using existing databases such as
VAMOSC. The authors are especidly thankful to Mr. Karl Philips of The Anaytical Science

Corporation (TASC) for his support in this research.
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The ESH O& S costs from the Shaw AFB VAMOSC query (the larger cost of the two methodologies) are
illustrated in the figure below. The aircraft demilitarization and disposal costs, which were estimated by

the GAO for arecent report on disposal costs, are also included in the O& S values.

Fighter Aircraft C/D O&S w/D&D

Indirect Support
29%

Mission Personnel
31%

Dwmission Personnel
BWESH

Ounit Level Consumption
ODepot Level Maintenance
B Sustaining Support
Dindirect Support

ESH

Sustaining Support
g Supp 20

5%

Depot Level Maintenance

8% . .
Unit Level Consumption

25%

Figure 5, Fighter Aircraft O& S Costs

The figure shows that ESH costs occurring during the O& S phase of the system are two percent. To place
these costs in perspective, we have tried to normalize the fighter aircraft costs to a per aircraft basis. The

table below shows a rough extrapolation of costs.

Phase Per Aircraft Cost ESH cost ESH Percent of
0& S Cost
0&Sw/D&D 20,900,000 (FY 96%) 21,908 to 45,603 1.05% to 2.18%
(10 Years)

Table 7, Fighter Aircraft ESH Percentages

Remarks

This estimate revealed that there is a considerable amount of usable ESH O&S cost data. Much of the
cost data requires detailed investigation to get to the ESH portions of the costs. We often had to rely upon
documents such as host tenant support agreements and inter-service support agreements to determine the
alocation of specific costs. Much of the depot level information came from exercises that use actual
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costs to build-up depot overhead rates. The depot averaged approximately three percent of the labor rate
charges for ESH activities.

The type of VAMOSC database query was key for determining the detail of ESH costs included in the
fighter aircraft O& S estimate. Using the standard report format, the ESH costs were determined to be
approximately one percent (1%) of the O&S cost. When a more detailed and time consuming ESH
specific query of VAMOSC was performed, the ESH costs were determined to be approximately two
percent (2%) of the O& S cost.

There was one interesting side note. If one were to use the Shaw AFB VAMOSC query and eliminate the
base wastewater treatment costs, the ESH percentage of O&S equaled two percent. This was the
consensus estimate of most Air Force personnel contacted during data collection.
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NAVSTAR GPS Block IIF Space Vehicle

Summary

The purpose of this example was to perform an ESH sufficiency review of the current cost estimating
techniques utilized to estimate the Program Cost Estimate (PCE) for the Navigation System Using Timing
and Ranging (NAVSTAR) Global Positioning System (GPS) Block IIF Space Vehicle. The PCE was
performed early in the development phase of the follow-on program and the estimating methodology did
not separately identify the ESH costs. Through questioning of the program office/support contractor
personnel and reviewing the GPS Block I1F contractor proposal, techniques were developed to estimate
the identifiable ESH costs included in the PCE from the contractor estimate and to determine Government
ESH costs that were not included in the PCE. Other ESH costs were known to be included in the PCE,
however, there was insufficient data to analyze the specific costs in production and operations and support
and quantify the total weapon system life cycle ESH costs.

Step One - Define and Plan the Cost Estimate

Establish the Technical Baseline to be Estimated

The NAVSTAR GPS Joint Program Office (JPO) previously established the GPS Block IIF Space
Vehicle technical basdline in the PCE (also known as the Bluebook in the Air Force). Following is a brief
overview of the weapon system.

In 1973 in order to combine their technical resources to develop a highly accurate space-based radio
positioning, navigation, and timing distribution system, the Air Force, Army, Navy, Marine Corps, and
Defense Mapping Agency (DMA) initiated the NAVSTAR GPS program. Due to the multi-agency
participation, the GPS systems program office is known as a Joint Program Office or JPO.

The GPS system provides precise, continuous, all-weather, common grid worldwide positioning,
navigation, and time reference capability to an unlimited number of suitably passive device users - both
military and civilian. Mission areas supported include: navigation and position fixing; close-air support;
special operations; counter-air and aerospace defense; strategic, theater, and tactical support; command,
control, communications, and intelligence (C%); and ground and sea warfare.

The Air Force GPS Program Office at the Space and Missile Systems Center (SMC) in Los Angeles,
manages the development, production, and deployment of the GPS satellites. The system is operated and
controlled by members of the 50" Space Wing located a Falcon AFB, CO. Other support for GPS
management is provided by the Department of Defense, Department of Energy, the North Atlantic Treaty
Organization (NATO), and includes alied nations.

Block 1A satellites were procured from the Rockwell Corporation. Block IR satellites are currently
being procured from Lockheed Martin Astro Space. The production of 21 satellites is approximately 70%
complete with the first launch scheduled for January 1997. Block IIF satellites are being developed and
produced by the Boeing Corporation (formerly the Rockwell Corporation). The following table illustrates
the GPS contract history. The NAVSTAR GPS space vehicle (SV) design alows for launch by a
medium-sized expendable launch vehicle (LV). The current launch vehicle for 1IR SVs is the MLV 3,
which is a modified Delta Il 7925. The IIF SVs are planned to launch on an evolutionary expendable
launch vehicle (EELV).
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Program Contract Award Type of Contract Flight Contractor
Series Number Date Units
Block | F04701-74-C-0527 | 20Jun 74 Phase I: Concept 8 Rockwell
Validation
Block | F04701-78-C-0153 | 31 Oct 79 Phase IlI: Full Scale 3 Rockwell
Development
Block I1 Modified Modified Phase II: Full Scale 1 Rockwell
F04701-78-C-0153 | Dec 80 Development (Qual Unit)
Block Il F04701-83-C-0031 | 20 May 83 Phase l1l: Production 9 Rockwell
Block 1A Modified Modified Phase I11: Production 19 Rockwell
F04701-83-C-0031 | Mar 84
Block IIR F04701-89-C-0073 | 21 Jun 89 RDT&E, Prod., and 21 LMMS (Formerly
Storage, Launch & On- General Electric)
Orbit Support (SLOS)
Block I1F F04701-96-D-0025 | 24 Apr 96 Development, Prod., and 33 Boeing North
0&S American (BNA)

Table 8, GPS Contract History

Determine the Appropriate WBS for the Estimate

The NAVSTAR GPS Joint Program Office (JPO) previously established the GPS Block IIF Space
Vehicle WBS in the PCE. Following are the WBSs, estimating methodologies, and costs for the
Development (3600 appropriation), Production (3020 appropriation), and Operations and Support (3400
appropriation) efforts.

GPS Block |1 F 3600 Appropriation

WBS Elements M ethodology Cost (TY $M)
Total 3600 Costs Summary 344.19
I1F Contractor Costs Summary 194.65
Space Vehicle Development Summary 149.24
Basic Contract ** Contract Throughput 147.11
Civil Use Frequency Contract Throughput 213
Operational Control System Summary 45.41
AFSCN Development SEER-SEM Software Estimate 131
OCS Devel opment SEER-SEM Software Estimate 18.04
System Simulation Development SEER-SEM Software Estimate 1.59
CITIS AFSCN Analogy 4.23
Training ESC Factor 0.34
OCSIA&T Factor 2.82
System Test and Evaluation ESC CER 412
Operational Site Activation ESC Factor 4.58
SE/PM Factor 6.92
Civil Use Frequency SEER-SEM Software Estimate 1.46
Advanced Integration Studies Manpower Estimate 36.66
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GPS Block |1 F 3600 Appropriation

WBS Elements M ethodology Cost (TY $M)
ECO/TCO 0.00
Contingencies Summary 112.84
SV Contingency/Liens Summary 62.01
EELV Adapter CER 4.52
SV 7-21 Modification Factor 15.42
SV 22-33 Modification Factor 42.07
OCS Contingency Summary 50.83
IF Initial Development Risk Analysis 10.99
GOSC Integration Manpower Estimate 3.34
GOSC ACA Manpower Estimate 0.96
SV 7-21 OCS Upgrade Factor 12.06
SV 22-33 OCS Upgrade Factor 23.52
Other Government Costs Summary 0.00
TDY Funds
Training
Falcon AFB
Lab Support
NiH2
Phillips Lab

** . |ndicates cost e ement where identifiable ESH Costs are included

Table 9, GPS 3600 WBS, Cost Estimating Methodologies, and Cost (TY $M)

GPS Block I1F 3020 Appropriation

WBS Elements M ethodology Cost (TY $M)
Total 3020 Costs Summary 1,221.00
IIF Contractor Costs Summary 1,008.86
Space Vehicle Production Summary 968.81
Advanced Buy Summary 356.07
Basic (SV 1-6) Contract Throughput 59.38
Option 2 (SV 7-21) Contract Throughput 156.33
Option 3 (SV 22-33) Contract Throughput 140.36
Full Fund Summary 589.68
Basic (SV 1-6) ** Contract Throughput 187.22
Option 2 (SV 7-21) Contract Throughput 212.27
Option 3 (SV 22-33) Contract Throughput 190.19
Civilian Use Fregquency Contract Throughput 23.06
Launch Operations Support Manpower Estimate 40.05
Advanced Integration Studies Manpower Estimate 36.66
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GPS Block I1F 3020 Appropriation

WBS Elements M ethodology Cost (TY $M)
ECO/TCO 0.00
Contingency/Liens Summary 175.48
SV Production Contingency Risk Analysis 156.51
SV Replenishment Spares DISA Factor 2.93
PSE Maintenance (Material) DISA Factor 3.57
Clin 17 Labor Rate Rate Analysis 12.47
Other Government Costs (OGC) Summary 0.00
Agency Support
NIST
NRL

NSWC — Crane Labs

Los Alamos National Laboratory

45" sw

Propellants

CZS Contract Support

PRC/ARINC

AMCOMP

Fed Sm

Aerospace

Schedule Support (CZS)

Cost Support (Space, Ground & NDS) (CZP)

Contract Reconciliation Support (CZP)

** . |ndicates cost e ement where identifiable ESH Costs are included

Table 10, GPS 3020 WBS, Cost Estimating Methodologies, and Cost (TY $M)

GPS Block |1 F 3400 Appropriation

WBS Elements M ethodology Cost (TY $M)

Total 3400 Costs Summary 189.54
On-Orbit Support Manpower Estimate 42.41
OCS Operations and Maintenance (O& M) Manpower Estimate 64.06
MOSC O&M Manpower Estimate 0.85
Contingencies Summary 82.22

CLIN 18 Labor Rate Rate Analysis 13.27

CLIN 19 Labor Rate Rate Analysis 68.03

CLIN 20 Labor Rate Rate Analysis 0.92

Table 11, GPS 3400 WBS, Cost Estimating Methodologies, and Cost (TY $M)

A-19




ESH Cost Analysis Guide

Step Two — Specify Estimating M ethodology

Data Sources, Data Collection, and Data Evaluation

An iterative process was required for the data sources, data collection, and data evaluation steps to
perform the sufficiency review of the PCE. The initial data collection step was to contact the NAVSTAR
GPS JPO and review the existing GPS Block |IF PCE (Draft NAVSTAR GPS Block I1F Program Office
Estimate (POE) Bluebook, December 1996) for ESH costs throughout the life cycle of the system. The
data evaluation provided the technical baseline and WBS that were shown in step one. However, the
estimating methodology utilized did not separately identify ESH costs contained in the PCE. Further
investigation was warranted to address the ESH costs. Conversations with the JPO financial management
and engineering personnel (sample questions asked are shown in Appendix J) revealed that there were
two other sources to investigate for ESH costs. The first source was the contractor proposal that was
utilized as a throughput for the space vehicle development and production costs in the PCE. The second
source was the Government activities supporting the Environmental Impact Analysis Process (EIAP) and
Systems Engineering and Technical Assistance (SETA) contractor support for ESH related studies that
were not included in the PCE.

1. Contractor ESH Costs

By reviewing the technical baseline and WBS dictionary, one could see that the mgjority of the ESH costs
were included in the contractor costs for space vehicle development and production. Since these were
throughpuits, it would be necessary to review the contractor proposal that was used in the PCE for more
detailed data. Following are the contractor proposal documents that were pertinent in the review.

Cost Volume

Contract & Documentation Volume: Integrated Master Plan - Environmental Engineering and
Pollution Prevention Section

Contract & Documentation Volume: Integrated Master Plan - System Safety Section

Contract & Documentation Volume: Introduction to Environmental Information Section

Contract & Documentation Volume: System Requirements Document (SRD)

Systems Management Volume: System Engineering Section

Systems Management Volume: Government Insight Within the IPT Structure Section

Taken individually, the documents above did not illuminate much insight into the ESH costs within the
contractor estimate. However, by reviewing the documents as a whole, identifiable ESH related activities
were traced to cost elements within the cost proposal. The contractor identifiable ESH costs were
included in the system engineering efforts for the System Engineering / Program Management (SE/PM)
and Space Vehicle (SV) cost elements of the contractor costs. Within the system engineering effort for
the SE/PM and SV cost elements, there are lower level cost elements for Space Vehicle Preliminary
Design (CLIN 0001), Space Vehicle Final Design (CLIN 0002), Space Vehicle Functional Design (CLIN
0003), and Space Vehicle Production (CLINs 0100-0103). The specific ESH activities performed by the
contractor were found in the System Engineering and Integration Integrated Master Plan (IMP) and the
Space Vehicle System Engineering and Integration IMP. The details of these activities include topics such
as. Updating the GPS I11/11A Environmental Assessment; Ensuring that the GPS IIF program is compliant
with all environmental laws and regulations throughout the life cycle of the program; Assuring that the
GPS I1F will have safe disposal at its end-of-life, including being boosted to a more distant orbit where it
will be turned off and considered dead; Provide for manufacturing and processing record keeping required
for federal or local environmental compliance; Implementing policy for pollution prevention and ODS
elimination; Maintaining a Hazardous Materials Management Program (HMMP); Keeping up to date
regarding new ESH laws and regulations and; Minimizing hazard risk design for GPS IIF assembly, test,
launch, and on-orbit operations and to assure that GPS IIF systems meet requirements for range safety
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and environmental protection. Following are tables that illustrate the specific ESH activities identified,
the CLIN the ESH activity is performed against, and the funding appropriation associated with the
activity aswell asthe WBS elements and costs where they are included.

It should be noted that there are other ESH related costs aready included in the production (3020
appropriation) and operations and support (0& S) (3400 appropriation) of the spacecraft, but they are not
broken out with any detail. Further cooperation and time would be needed from the spacecraft contractor
and Air Force Space Command to fully understand the magnitude of the cost impact the ESH
requirements have on their respective costs.

System Engineering and Integration Integrated Master Plan ESH Activities

System Safety & Environmental Protection Program Implemented (CLIN 0001, 3600 App.)
- System Safety & Environmenta Protection Program Defined

- Preliminary Safety Analysis Competed

- Preliminary Environmental Assessment Completed

System Performance Analysis Reports (SPARS) Developed (CLIN 0001, 3600 App.)
- Preliminary Human Factors Analysis Completed

System Safety & Environmental Protection Program Updated (CLIN 0002, 3600 App.)
- System Safety Analysis Competed
- Environmental Analysis Completed

System Performance Analysis Reports (SPARSs) Updated (CLIN 0002, 3600 App.)
- Update of Human Factors Analysis Completed

System Safety & Environmental Protection Program Updated (CLIN 0003, 3600 App.)
- System Safety Analysis Competed
- Environmental Analysis Completed

System Performance Analysis Reports (SPARSs) Updated (CLIN 0003, 3600 App.)
- Update of Human Factors Analysis Completed

Space Vehicle System Engineering and Integration Integrated Master Plan ESH Activities

Preliminary Space V ehicle Specialty Engineering Analyses Complete (CLIN 0001, 3600 App.)
- Preliminary Safety Analysis Completed

Space Vehicle Specialty Engineering Analyses Updated (CLIN 0002, 3600 App.)
- Fina Safety Analysis Completed

Space Vehicle Specialty Engineering Analyses Updated (CLIN 0003, 3600 App.)
- Fina Safety Analysis Completed

Space Vehicle Specialty Engineering Analyses Updated (CLIN 0102, 3020 App.)
- Safety Analyses Updated

Table 12, Identifiable GPS Contractor 3600 and 3020 Appropriation ESH Activities

3600 Appropriation

Activity Cost (TY $M)
System Engineering (SE/PM) 8.206
System Engineering (SV) 10.566
3020 Appropriation
Activity Cost (TY $M)
System Engineering (SE/PM) 28.511
System Engineering (SV) 79.405

Table 13, Identifiable GPS Contractor Elements Where ESH Costs Included
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2. Government ESH Costs

The Government effort related to the Environmental Impact Analysis Process (EIAP) was derived by
contacting the Space and Missile Systems Center Civil Engineering organization (SMC/CEV).
SMC/CEV previously performed the Environmental Assessments (EAs) for the GPS Block 11, I1A, and
[IR. The EA for both the GPS Il and 1A was performed in December 1993 for $75,000. The GPS IIR
EA was estimated to cost $75,000, however, it was actualy performed in December 1994 for $40,000.
Based on previous actua costs, SMC/CEV estimated the December 1997 EA to cost $40,000. The effort
for the SETA contractor support for ESH related studies was specifically defined in their statement of
work (SOW) for Environmental, Bioenvironmental, and Pollution Prevention support to the NAVSTAR
GPS JPO engineering organization (SMC/CZE). The table below illustrates the SMC/CEV and SETA
Contractor ESH costs for the tasks and products supporting the NAVSTAR GPS I F program.

SMC/CEV Efforts Cost (FY979%)
Perform Environmental Assessment (EA) for GPS I1F $40,000
SETA Contractor Tasks
Respond to ESH / Pollution Prevention (PP) Surveys $1,800
Oversee the Phase-out of Class | ODSs and the Reduction of Hazardous $6,000
Materials
Provide ESH / PP Inputs to Acquisition Contracts $18,000
Prepare Request for Environmental Impact Analysis Forms (AF Form 813) $12,000
SETA Contractor Products

Programmatic Environmental Safety Health Evaluation (PESHE) Document $18,000
GPS Block 11F Environmental Assessment (EA) — Pending $24,000
Semi-Annual Pollution Prevention (PP) Metric Reports $1,200
Environmental / PP Audits of GOGOs & GOCOs $18,000
Hazardous Materials Management Program (HMMP) Plan $7,200

Total Government ESH Costs $146,200

Table 14, Government SETA and SMC/CEV ESH Costs for NAVSTAR GPSIIF

Data Evaluation and Selection of Estimating Methodology

1. Contractor ESH Costs

For the contractor space vehicle development and production efforts, the identifiable contractor ESH costs
for the 3600 and 3020 appropriations were determined with the following methodology. The number of
ESH IMP activities was divided by the total number of IMP activities in the system engineering function
for the SE/PM and SV cost elements. This number was then multiplied by the total dollars for their
respective system engineering effort. The table below illustrates the application of the methodology
utilized. Although this estimating methodology is not exact (not all IMP activities are the same duration
and complexity), it should provide a reasonable cost bound for the ESH activities identified.
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3600 Appropriation

#ESH IMP #IMP ESH Factor Total SysEng Total ESH $
Activities Activities $(TY $M) (TY $M)
SE/PM 10 108 0.0926 8.206 0.76
SV 3 66 0.0455 10.566 0.48
Total ESH $ 1.24
3020 Appropriation
#ESH IMP #IMP ESH Factor Total SysEng Total ESH $
Activities Activities $(TY $M) (TY $M)
SE/PM 0 108 0.00 28.511 0.00
SV 1 140 0.0071 79.405 0.57
Total ESH $ 0.57

Table 15, Methodology Utilized for Estimating I dentifiable GPS Contractor ESH Costs

2. Government ESH Costs

The cost data gathered for the Government ESH related activities required no further data evaluation or
cost estimating methodology other than including in the information in Step Three.

Selection of Cost Estimating Tool

The tool utilized to calculate the ESH costs for the GPS IIF program was an Excel spreadsheet. No
special model/tool was required.

Risk Assessments and Cost Sensitivity Analysis

Since the purpose of this exercise was to perform an ESH sufficiency review of the current cost
estimating techniques utilized to estimate the Program Cost Estimate (PCE) for the NAVSTAR GPS
Block 11F Space Vehicle, no risk assessment or cost sensitivity analysis was performed.

Step Three— Summarizing the I dentifiable GPSI1F ESH Costs

1. Contractor ESH Costs

The following tables illustrate the identifiable GPS I1F space vehicle 3600 and 3020 appropriation ESH
costs and magnitude of the identifiable contractor ESH costs to the total contractor cost and total
appropriation cost.
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3600 Appropriation

Activity ESH Cost (TY $M)
System Engineering (SE/PM) 0.76
System Engineering (SV) 0.48
Total 3600 ESH Cost 1.24

3020 Appropriation

Activity ESH Cost (TY $M)
System Engineering (SE/PM) 0.00
System Engineering (SV) 0.57
Total 3020 ESH Cost 0.57

Table 16, I dentifiable GPS Contractor ESH Costs

3600 Appropriation 3020 Appropriation
ESH Cost (TY $M) 1.24 0.57
Contractor Cost (TY $M) 194.65 1,008.86
Total Appropriation Cost (TY $M) 344.19 1,221.00
ESH Cost to Total Contractor Cost 0.64 % 0.06 %
ESH Cost to Total Appropriation Cost 0.36 % 0.05 %

Table 17, Magnitude of Identifiable GPS Contractor ESH Costs

2. Government ESH Costs

A total of $146,200 (FY 97%) was identified as Government ESH costs. This cost was not included in the
PCE. The identifiable Government ESH costs were for supporting the developmental effort associated
with the GPS IIF space vehicle. The total 3600 appropriation converts to $315.12 (FY97$M). This
yields aratio of identifiable Government ESH cost to total 3600 appropriation cost of 0.05%.

Remarks

Upon fina review of the NAVSTAR GPS IIF PCE, the current cost estimating techniques for the space
vehicle do not provide much insight into the total weapon system life cycle ESH costs. No data was
readily available to analyze the contractor related ESH costs in production and operations and support.
Topics such as hazardous material handling and the related personal protective equipment and health care
costs are buried in the existing estimating methodologies. Further cooperation and time would be needed
from the spacecraft contractor and Air Force Space Command to fully understand the magnitude of the
cost impact the ESH requirements have on their respective costs.

Another observation from this sufficiency review was that al Government ESH costs may not be
included in the weapon system PCE. With the NAVSTAR GPS IIF space vehicle, ESH related activities
performed for the space vehicle were funded with the program office engineering funds and therefore
were not included in the PCE.

A-24




ESH Cost Analysis Guide

Radar System

Step One — Define and Plan the Cost Estimate

The purpose of this study was to investigate the ESH costs associated with a very large, ground-fixed
radar system. This provides the reader with an insight into the types of ESH costs associated with the
siting of the radar, the ESH operational costs, and the potential costs decommissioning the system. This
analysis does not delve into the ESH costs associated with the fabrication of the system itself because the
system has been in operation since the early 1970s and much of the cost data has been archived and is
hard to retrieve. The study also does not include the ESH related costs for the depot maintenance parts in
the system. This estimate will provide examples of ESH costs for the operation of the system that could
assist future ESH cost estimators to identify ESH costs of their system or site.

Background Information

Weapon System: This is a very large, ground-fixed radar system. It is one of many systems
strategically situated to cover wide areas of the United States coastline. It is in operations 24
hours/day, seven days/week, 52 weekslyear. A site was visited for the purpose of (1) gaining insight
into the complexity of operations and maintenance issues of this type of radar system, and (2)
obtaining ESH related data during the operations and maintenance (O& M) phase. A visit was aso
made to the Bioengineering Flight Line at Peterson AFB, Colorado, which maintains the operating,
maintenance, and support services contracts for many of the Air Force bases.

Date of Estimate: September 1997

Office Symbol: ESC/FMC

Phase: Operations and Maintenance
Findings

The result of this analysis was that in typical operating mode, ESH costs are not a significant portion of
operational cost for the radar site. Once safeguards were in place and ESH considerations were taken into
account, the routine ESH O&M cost proved to be minimal. The average annual ESH cost is
approximately $330K, not including one time items such as training or the vaulted tanks, and represents
approximately 10% of the total O&M budget (1993-1996 data points), not a significant factor. Initial
siting costs associated with ESH were approximately $750K (FY 97$) for environmental impact analysis
(dgte analysis, radiation analysis, etc.). This analysis focused on the operational costs associated with
ESH and have touched on some of the processes and estimated the cost of disposing of the system and
decommissioning the site.

Of the O& M costs associated with ESH, the greatest portion is staffing. The environmental and safety
staff consisting of 2 environmental engineers (1 prior to 1998) and 1 safety engineer isrequired to
perform routine analysis, documentation, hazardous material pharmacy management, inspection support,
and have a proactive approach and take precautionary measures to avoid ESH risk to cost and schedul e of
the program (such as the 1990 oil spill). The ESH support istwo to three personnel out of the
approximate 130 operating and maintaining the site.

In absence of environmental precautions (single hull storage tanks in the ground), the consequences
proved costly to the program. In 1990, there was an oil spill that resulted in an additional cost to the
program of $1.7M (FY 90$) for theinitial repair and clean-up costs. Additional costs are still mounting for
continual monitoring and testing, and staff time to support various inspections are also a result of the spill.
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The operations of the radar site is not hazardous materia intensive, therefore the disposal cost of these
materialsis minimal. The breakout of hazardous material disposal illustrated that the most costly disposal
(cumulative over 4.5 years) materials were oil and fuel related (filters, rags, empty drums, soil), paint
waste (empty cans, rollers, etc.), and antifreeze disposal. The most expensive disposal material on a per
pound basis was paint aerosols.

Demilitarization and disposal (D& D) cost is based on similar radar sites that were decommissioned. A
decommissioned site normally is placed on warm caretaker status which means the site can go back into
operation in 18 months or on cold caretaker status which means the site will not be used again as a radar
site. Warm caretaker status involves placing a crew of eleven contractors at the site 24 hours/day, 365
days/year, to maintain the engineering systems. To place asite on cold caretaker status means the
following activities need to be performed:
- cancel permits (part of environmental engineer/coordinator’ s tasks)

turn off utilities

perform an environmental baseline survey (EBS) which costs around $32K to look at past

contamination, if any, in preparation for selling the real estate

perform an environmental assessment (EA) which costs around $28K to see what

environmental consequences are involved with removing the radar faces

The following sections show the ESH costs in more detail, what documents were reviewed, what were the
lessons learned, and what questions were asked to help flush out ESH issues and concerns.

Determine the Appropriate WBS for the Estimate

The Fielding/Deployment and Operational Support portion was based on the MIL-HDBK-881 WBS, the
Operating and Support (O& S) portion was based on the Office of the Secretary of Defense (OSD) Cost
Anaysis Improvement Group (CAIG) Operating and Support Cost Estimating Guide, and the D&D
portion was based on Environmental Cost of Hazardous Operations (ECHO) WBS. The WBS is as
follows:

Fielding/Deployment and Operational Support
Operations and Support
Mission Personnel
Operations
Maintenance
Organizational Maintenance
Intermediate Maintenance
Other Maintenance Personnel: Inspections and tests- ESH Cost
Other Mission Personnel
Unit Level Consumption
Fuel and POL - Not ESH Cost
Consumable Material Repair Parts
Depot Level Reparables
Other: Hazardouswaste disposal - ESH Cost
Contractor Support
Interim Contractor Support
Contractor Logistics Support
Other: 2 environmental and 1 safety engineersplustraining - ESH Cost
Sustaining Support
Sustaining Engineering Support
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Software Maintenance Support
Simulator Operations
Other: ESH related permits, penalties/fines, plans and other ESH documentation - ESH
Cost
Indirect Support
Personnel Support: Specialty training for ESH - ESH Cost
Installation Support

Demilitarization and Disposal
Facilities
Facilities Deactivation/Equipment Dismantlement - Not ESH Cost
Facility Decontamination - ESH Cost
Equipment/Systems/Materials
Demilitarization and Disposal Process Equipment/Facility Design and Construction
Interim Storage
Disassembly, Disposition, and Disposal - ESH Cost

Step Two — Specify Estimating M ethodol ogy

ESH Estimating Methodologies Used

There were no factors or CERs used in this analysis. The methodology for the analysis was data research
through interviews, document search and research into disposal costs (utilizing DRMO actuals for cost of
the hazardous waste transport and disposal costs). The following sections will elaborate on beneficial
portions of the research found, specific questions asked, that may prove useful to estimators of other such
systems and lessons learned from this effort.

Data Sources

Hazardous Waste Management Plan, 27 March 95 - provided the purpose, goal, objectives, and scope
Spill Prevention and Response Plan, 28 March 95 - provided the policies and training levels

Asbestos Management and Operations Plan, 15 February 95 - provided the requirements,
responsibilities, training, and budget

Hazardous Materials Manifests, 1986 through 1996 - provided list of HAZMATS that were shipped
from Site R for disposal

1995 Air Emissions Inventory, January 97 - provided the 1995 chemical usage by chemical
composition

Questions Posed to the Site Environmental Engineer and Functional Area Representatives

Many of these questions lead to other questions that were not apparent until the answers from the initial
guestions were received. This process involved many rounds of contacting the site and asking questions
during the analysis period.

1. How isthe water treated for human consumption? With what chemicals? Is the water treated for any
other use?

2. What hazardous materials (HAZMATS) are used and what hazardous wastes are generated?
Examples would be:
a) How many pounds of paints/thinners and what are the types and uses?
b) How many pounds of used solvents and what are the types and uses?
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10.

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.
23.

¢) How many pounds of |lead/acid batteries and what are the types and uses?
d) How many pounds of used oil and what are the types and uses?
€) How many pounds of primer and adhesives and what are the types and uses?
f) How many pounds of acid and what are the types and uses?
g) How many pounds of misc. solid/liquid waste and what are the types and uses?
How are the hazardous wastes disposed of ?
Are you a small-quantity generator of hazardous waste (200 to 2200 Ib./month)? If not, do you have
aRCRA permit?
How are solid wastes disposed of?
Do you have a Spill Prevention and Response Plan? What is the cost of this plan?
Do you have aHAZMAT pharmacy system?
a) What isthe status and cost of this system?
b) What are the pros and cons encountered so far?
Are there satellite accumulation points (SAPs) for temporary storage of HAZMATS and hazardous
wastes? If yes, how are the SAPs maintained? How are the hazardous wastes handled and stored?
Do you have a Hazardous Waste Management Plan? How much did this plan cost or how much staff
effort did it take to complete this plan?
How is the power plant fueled? What and how much waste does it generate? How is the waste
disposed of ?
Do you burn any of your used waste such as waste ail, rags, etc.?
a) What about air pollution? What is being done about it?
b) Do you do emission testing? How often? Results? Cost of the testing?
¢) Doyou havealist of air pollutants? How much are attributed to the radar operation?
Safety and health:
a) Do you have a Radiation Protection Program?
b) What isthe status, frequency, and cost of this program?
i) Training cost? How often are classes held and where?
ii)Manual preparation, update, and reproduction cost?
iii) Monitoring cost? Cost of dosimeter badges?
iv) Medical examinations cost? How often are they given?
¢) Where do you measure for ground-level radiation? How far is the radiation security fence from
the radar face? Cost of radiation study?
What is the cost for the contract for environmental support? How much is attributed to the O&M of
the radar itself?
Ditto for the Hazardous materials program managed by a contractor?
Are there above and underground storage tanks? Is there a leak detection monitoring system for the
tanks? If none, how are leaks handled?
Do you have any sites of potential contamination? If yes, where are and what is the status of these
sites? The cost of cleaning up these sites?
Do you have an Asbestos Management Plan and Asbestos Operating Plan? If yes, what is the cost
and status of these plans?
Do you have PCBs? Are there plans to remove and/or replace these PCBs? Schedule? How much
will this cost?
Is there lead paint? What will be done about the lead paint situation? Do you have a lead paint
management plan? What is the cost?
Are HAZMATSs disposed of through DRMO? Do you have the data for cost for the DRMO
disposals?
Does the radar operation cause nearby interference? If yes, what if any, action is taken? What is the
cost? Do you have restricted air space near and above the radar range?
Are there any other environmental, safety, and health issues/concerns?
Aviary/wildlife studies conducted? What are the costs of these studies?
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Step Three - Summarizing the ESH Costs

ESH Values Cost Summary

Some of the costs mentioned, initially thought would be ESH related, upon further definition, turned out
to be operating costs. These costs are identified in the cost summary as “Not ESH Cost”.

1. Recurring

Resources (Not ESH Cost)

electricity: $100K/mo

oil, fuel: 60K gallyr.
5 locomotive-type generators. 45K gal/yr.
heating: 15K gal/yr.

water: 5.5 M gallyr.

Hazardous Waste Disposal Costsin FY97$K (ESH Cost): See the Table on following page
Permits (ESH Cost)

I nspecti

EPA air permit: $1,000/yr.

Small Quantity Generator (SQG) Hazardous Waste Permit: $300/yr.

ons

ground water test, soil VOC & Test pH, Uyr for 5 years (1993 to 1997), performed
by a contractor: $8,000 - ESH Cost

emission testing 1/mo (in-house, but an air emission study was performed early 1997
to measure emissions in 1995) - part of environmental engineer’stasking - ESH Cost
already included in Personnel

radiation testing conducted every 2-3 years - 2 people for 2 days of testing plus 2
days travel and per diem: 2 people * 4 days @ $160K (this rate includes TDY costs) -
ESH Cost

PCB investigation - $75/sample for 11 samples plus 2 people for 3 days of sampling
plus 2 days travel (from SPACECOM, Colorado) and per diem: 2 people* 5 days @
$160K + $75/sample * 11 samples - ESH Cost

Industrial Hygiene Program - part of environmental engineers' tasking - ESH Cost
already included below in Personnel

no lead paint sampling has been done - normally project specific (will do sampling
only if the item needs to be scraped and repainted and normally the sampling is
included in the A& E’'s SOW)

environmental |G - part of environmental engineers' tasking - ESH Cost aready
included below in Personnel

mobile QA - part of environmental engineers' tasking - ESH Cost aready included
below in Personnel
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1997 To 1998
Hazardous Material Disposal Cost Summary (FY97$K): 1993 1994 1995 1996 Date Budgeted Total
Aerosol cans, flammable gas 2.44 - - - - - 2.44
|Spill debris and items w/ diesel fuel & oil (sand, rags, filters, etc.) 8.16 2.76 1.32 0.11 0.02 - 12.38
Ethylene glycol 1.30 0.57 0.04 0.15 - - 2.05
Waste corrosive scale inhibitor 0.93 - - - - - 0.93
Batteries & battery acid 0.04 0.25 1.41 - 0.32 - 2.02
Paint thinner, brushes, pans, rollers, cans, waste paint 1.26 4.97 0.55 0.02 - - 6.80
Waste oil, diesel fuel, solvents, and water 2.16 1.45 0.68 4.11 0.83 - 9.23
Non-hazardous soda bath - 0.06 - - - - 0.06
Diluted sulfuric acid electrolyte - - 0.10 - - - 0.10
Cleaning compound - - 0.05 - - - 0.05
Waste antifreeze - - - 2.66 1.51 - 4.16
Surcharge for expedited removal - - 0.99 0.77 0.80 - 2.56
Total (FY97$K) 16.28 10.05 5.15 7.82 3.48 14.69 57.47

Table 18, Hazardous Waste Disposal Costsin FY 97$K
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drinking water 5 locations 1/mo (plumber) - Not ESH Cost

cooling water 1/mo - Not ESH Cost

oil in generators for metal particles 4/yr - Not ESH Cost

visual inspection of generators for leaks, level, etc. 1/day - Not ESH Cost
Personnel

2 Environmental Engineers (2in 1998, 1 in prior years) - ESH Cost (each at

$160K/yr.)

Yayear effort for Hazmat Pharmacy Management - ESH Cost

1 Safety - ESH Cost ($160K/yr.)
Training (ESH Cost)

Y% day ESH training for all new contractor personnel (Y2 day * 60 current employees *

30 days for current force * $160K)

2. Non-Recurring (ESH Cost)

Penalties, liabilities, fines
Jan 24, 1990, 11,000 gd ail spill resulted in building of vaults for the oil
storage: $1.5M (FY 90%) for building new vaults & removal of old tanks
oil spill clean-up costs: $190K (FY 90%$) for removal of 350 yards
contaminated soil, investigative core drilling, repair damaged SATCOM
utilities, fuel loss
TV Filtersto public: $25 each
Plans, Documentation - the cost for the following isincluded in Personnel since they
are part of the environmental engineer’s tasking - ESH Cost
Hazardous Waste Management Plan
Spill Prevention and Response Plan
Asbestos Management and Operations Plan
Industrial Hygiene Program
National Cultural Resource Plan
Technical Orders - change ordersto ‘clean’ the TOs
Qil splll containment for tanker: $60K - ESH Cost Estimate for FY 98
Supplies for spill control team: $2.8K - ESH Cost Estimate for FY 98
Other, Miscellaneous
1995 Air Emission Study: $5K - ESH Cost
Wastewater Discharge Study: $35K - ESH Cost
Power Plant Trench Monitoring System: $6K - Not ESH Cost
Environmental Impact Statement (donein mid 1970s): $750K - ESH Cost
3. D&D
Warm Caretaker Status
11 people working around the clock maintaining the engineering systems (11 people
* 24 hours* 365 day * approximately $160K each) - Not ESH Cost
disposal: $10K to ship HAZMATSs to nearest AFB plus disposal costs (these costs
depend on what/how much need to be disposed of) - ESH Cost
Cold Caretaker Status
cancel permits (part of environmental engineer/coordinator’s tasks) - ESH Cost
turn off utilities (part of operating crew) - Not ESH Cost
perform an environmental baseline survey (EBS): phase | will cost approximately
$32K to identify contaminated sites; phase Il covers the sampling and analysis and
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the cost depends on the magnitude of the contamination, number of samples, etc. -
ESH Cost

perform an environmental assessment (EA): estimated $28K - ESH Cost

disposal: $10K to ship HAZMATS to nearest AFB plus disposal costs (these costs
depend on what/how much need to be disposed of) - ESH Cost
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Estimated

Item Prior Yrs 1993 1994 1995 1996 1997 1998 Total

Haz Waste Disposal 16.28 10.05 5.15 7.82 3.48 14.69 57.47
EPA Air Permit 1.00 1.00 1.00 1.00 1.00 1.00 6.00
SQG Haz Waste Permit 0.30 0.30 0.30 0.30 0.30 0.30 1.80
Ground H20 Test/Sampling 1.60 1.60 1.60 1.60 1.60 8.00
Air Emission Test 5.00 5.00
Radiation Testing 3.28 3.28 6.56
PCB Investigation 4.43 4.43 8.85
Environmental Engineer(s) 160.00 160.00 160.00 160.00 160.00 320.00 1,120.00
Safety Engineer 160.00 160.00 160.00 160.00 160.00 160.00 960.00
ESH Training 576.00 576.00
New V aulted Oil Tanks 1,787.84 1,787.84
Oil Spill Clean-Up 226.46 226.46
TV Filters 0.30 0.30 0.60
Oil Tanker Spill Containment 60.00 60.00
Spill Control Team Supplies 2.80 2.80
Wastew ater Discharge Study 35.00 35.00
Environmental Impact Statement 750.00 750.00
Total ESH Related Costs (FY97$K) 2,764.30 339.18 336.23 332.77 912.02 329.66 598.22 5,612.38

0& S Cosdts:
D&D Costs:
Warm caretaker status

Table 19, Summary of Only the ESH Related Costsin FY 973K

$10,000 to ship HAZMATSs to nearest AFB for disposal

plus disposal cost which could be in the $10-20K range depending on what and how much needs to be disposed of

Cold caretaker status

$32,000 for a Phase | environmental baseline survey to identify contaminated sites

plus Phase Il which can run in the hundreds of thousands depending on the magnitude of contamination, number of samples, and clean-up procedures

$28,000 for an environmental assessment
$10,000 to ship HAZMATSs to nearest AFB for disposal

plus disposal cost which could be in the $10-20K range depending on what and how much needs to be disposed of
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Remar k<L essons L ear ned

A vidit to the site proved beneficial because it provided the cost analyst with the first hand look at the
operation of the system and where potential problems could occur. Reviewing programmatic
documentation before the site visit is essential. Documents such as the CARD and Environmental
Assessment proved particularly useful to formulate questions for the environmental engineer and
maintenance staff. In many cases, the environmental coordinator at the site is a contractor personndl. Itis
important to get their contracting officer’s approval well in advance so that you can get the data from the
coordinator. Another recommendation is that the cost analyst become familiar with the pertinent laws and
regulations that may affect the program. Please refer to the appendix with the summary of ESH laws and
regulations offers brief descriptions of these laws and regulations, or contact the program office pollution
prevention or environmental representative for insights into regulatory concerns.

A note of warning: in this estimate it was difficult to get the cost data. As mentioned above, contractor
personnel were reluctant to give out information. When the cost data was obtained, there were no
accompanying explanation of what these costs represented. Extrapolationg/allocations had to be done
since in many cases, the cost of an individual item was lumped in with many other costs.

One of the positive results of this research was that we were able to tell the radar site that thereis an
alternative to paying for the disposal of their large quantities of lead acid batteries (564 total, each roughly
weighing 40 Ibs.). DRMO will find buyers for large quantities as long as the site iswilling to store these
batteries on-site until a buyer isfound (usualy 1-1/2 to 2 months). The money from the sale can either go
back to the site or back to the treasury. In this particular instance, instead of paying approximately $9K
for disposal of the batteries, the site can receive $1K for selling them (if they are able to store the batteries
in accordance with EPA guidelines until a buyer can be arranged, which may prove more costly, but
theoretically, it is an alternative for the program).
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Satellite Communication Terminal

Step One - Define and Plan the Cost Estimate

The purpose of this study was to investigate the ESH costs associated with a satellite communication
system. This provides the reader with an insight into the types of ESH costs associated with the life cycle
of electronics systems.

Background Information

Weapon System: This is a satellite communication system that provides secure, jam resistant
worldwide communications to meet the essential wartime requirements for high priority military
users. For this analysis, the analysts were concerned with just the terminal segment of the satellite
communication system. The terminal is comprised of roughly 15 to 20 line replaceable units (LRUS).
These LRUs are electronic boxes (modems, printers, receiver, time code generator, high power
amplifier, processors, display consoles, etc.) and an antenna with radome, depending on the
configuration type (ground fixed, transportable, airborne, etc.) the number of boxes and
antenna/radome types vary.

Date of Estimate: September 1997

Office Symbol: ESC/FMC

Phase: Production and Operations and Maintenance (O& M)
Findings

The initial analysis of the test bed terminal and production costs associated with ESH and the electronic
system has found insignificant costs. To date, research shows ESH-related costs represent only a few
dollars of the average annual O&M cost (FY 1993 to FY 1997) per terminal. The ESH-related costs on the
program as a whole represent approximately 0.005% of the O&M costs from FY 1993 to FY1997. The
research team is pursuing the O& M costs and DRMO disposal costs per terminal, but have found minimal
ESH costs. Programmatic schedule slip costs that may have occurred due to an ESH issue have not been
included in this estimate.

This analysis assumed that the contract is paying the majority of the costs associated with ESH in
production. Those costs will in some form be passed back to the government, but it is in the best interest
of the production contractors to run a ‘clean shop’ (economically and for reputation). The researchers did
not have insight into the ESH costs allocated solely to this program at the production sites. In generd, the
production of electronic boards involves many hazardous materials from photo-related chemicals to
cleaning and etching acids/solutions. A cost that was captured which was directly related to the program
was the identification and elimination of ozone depleting substances (ODSs) from all program
documentation drawings. The program was re-competing additional production terminals and used the
original drawings for the technical definition of the system. FAR Subpart 23.8 prohibits the Government
from requiring a contractor to use ODSs in the performance of a contract. Therefore, the drawings could
not require the use of ODSs in any of the drawings in the contract. The cost of “cleaning” the
procurement drawings was approximately $2M in FY 93 dollars.

There were two incidents in the production of the system that could have, or did affect the cost and

schedule of the system. In the production of the radome, there was an air emissions compliance issue
because the contractor was in a non-attainment area and the coating had a high volatile organic compound
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(VOC) content. The contractor had implemented a process where they bought VOC credits so that the
radomes could be painted. Through careful planning, the contractor was able to avert schedule dlips and
cost growth.

There are few hazardous materials contained within the terminal. The system includes typical hazardous
materials associated with eectronics. EPA 17 HAZMATs in the terminal include: tin/lead solder,
strontium chromate primer, cadmium plating, chromic acid anodize, nickel plating, zinc chromate
primer, nickel/iron alloy, and other HAZMATSs include NiCad batteries and beryllium oxide in the
traveling wave tube (TWT). Of these hazardous materials identified, there are few operational costs
associated with them. Batteries are first reconditioned, then at the end of their useful life, are disposed
of viaDRMO at approximately $0.43/Ib. Approximately 3-5 batteries, each weighing approximately
one pound, are disposed of annually on a per terminal basis. The beryllium oxide is completely enclosed
within the TWT and laser sealed and does not require special handling procedures. The beryllium is not
hazardous in normal operations procedures; the health hazard exists during machining because the fine
airborne particles are carcinogenic. At this stage of our system, the TWTs are under warranty, so
disposal is the manufacturer’ s responsibility. When the warranty expires, the disposal costs associated
with the TWT will be charged to the depot, but those costs are unclear at thistime.

There are no significant safety and health issues during the O&M of the terminals. The system contains
many safeguards against accidental exposure to RF radiation or shock from the high voltage cables. The
antenna has an automatic shut off when the hatch to the roof (antenna location) is open. At the test
facility, where the terminals are not in the closed door cabinets and sound dampened, there is a constant
loud humming, so there is potential for dlight hearing loss. At the test site a safety-training course is
conducted every year for the contractor O& M staff, estimated at ¥z hour per person.

The following sections show the ESH costs in more detail, what documents were reviewed, what were the
lessons learned, and what questions were asked to help flush out ESH issues and concerns.

Determine the Appropriate WBS for the Estimate

The following Development and Production portion was based on the MIL-HDBK-881 WBS, the
Operating and Support (O& S) portion was based on the Office of the Secretary of Defense (OSD) Cost
Anaysis Improvement Group (CAIG) Operating and Support Cost Estimating Guide, and the D&D
portion was based on the Environmental Cost of Hazardous Operations (ECHO) WBS. The WBSisas
follows:

Electronic/Automated Software System Development
Systems Engineering/Program Management (SE/PM): Environmental Assessments- ESH
Cost

Electronic/Automated Software System Production
PMP
Platform Integration
Systems Engineering/Program Management (SE/PM)
Systems Engineering (SE): Environmental engineer - ESH Cost
Program Management (PM)
System Test and Evaluation (ST&E)

Training
Equipment
Services: Safety training - ESH Cost
Facilities

Data
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Technical Publications
Engineering Data: ldentification of ODSsin specifications and drawings - ESH Cost
Management Data
Support Data
Data Depository
Peculiar Support Equipment (PSE)
Test and Measurement Equipment
Support and Handling Equipment
Common Support Equipment (CSE)
Test and Measurement Equipment
Support and Handling Equipment

Operations and Support (O&S)
Mission Personnel
Operations
Maintenance
Organizational Maintenance
Intermediate Maintenance
Other Maintenance Personnel
Other Mission Personnel
Unit-Level Consumption
Fuel and POL
Consumable Material/Repair Parts
Depot-Level Reparables
Other: Disposal of hazardouswaste - ESH Cost
Intermediate Maintenance (External to Unit)
Maintenance
Consumable Material/Repair Parts
Other
Contractor Support
Interim Contractor Support
Contractor Logistics Support
Other: ESH training - ESH Cost
Sustaining Support
Sustaining Engineering Support
Software Maintenance Support
Simulator Operations
Other: Penalties, fines, documentation, plans- ESH Cost
Indirect Support
Personnel Support
Installation Support

Demilitarization and Disposal
Facilities
Facilities Deactivation/Equipment Dismantlement - Not ESH Cost
Facility Decontamination - ESH Cost
Equipment/Systems/Materials
Demilitarization and Disposal Process Equipment/Facility Design and Construction
Interim Storage
Disassembly, Disposition, and Disposal - ESH Cost

Step Two - Specify Estimating M ethodology
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ESH Estimating Methodologies Used

There were no factors or CERs used in this analysis. The methodology for the analysis was data research
through numerous interviews, document search and research into disposal costs. This section will
elaborate on beneficial portions of the research found, specific questions asked, that may prove useful to
estimators of other such systems and lessons learned from this effort.

Data Sources

Identification of Ozone Depleting Substances (ODSs) in Procurement Documentation, 2 March 94 -
listed all ODSsin terminal drawings and documentation

Identification of Hazardous Materials in Procurement Documentation, 25 April 94 - listed all
HAZMATsin termina drawings and documentation

Questions Posed to SPO Engineers and the Test Site Manager

1. How isthetermina maintained, i.e., what are the maintenance procedures?

a)

b)
c)
d)
€)
f)
9)
h)

Are HAZMATs used? What solvents, paints, paint thinners, lead/acid batteries, ail, etc., are
being used? What about PCBs?

Are hazardous wastes generated?

How are HAZMATSs handled, stored, disposed of?

At which Depot is the terminal maintained?

Who is the vendor for the radome?

Arethere air emissions testing or inspections?

Are there radiation studies or tests performed?

Do you have training for handling HAZMATSs and hazardous wastes? Or any other training
related to safety?

2. How are HAZM AT s/hazardous wastes disposed of ?

a)
b)

c)

What happens when something is not repairable? Where does it go and who takes it away?
Are any spent solvents, oily rags, etc. disposed of through DRMO? What are the costs
associated with these actions?

Do you recycle some of your wastes? What are the recycling efforts associated with above?

3. Do you have a HAZMAT management plan? Are there other plans, documents, procedures for ES
and/or H?

4. Any other environmental issues/concerns?

5. Any safety and health issues/concerns?

6. What health and safety precautions are taken by the technicians when fabricating
the TWTS? For example, do they wear protective garments, masks (so they inhale the
beryllium oxide dust), ear mufflers (if there are loud machining, etc.)? Areindustria
hygiene surveys required? What about medical exams? Roughly what percent of the
overhead can be attributed to environmental, safety, and health (ESH) issues and
concerns?

7. How are TWTsdisposed of? Isthe beryllium oxide removed first? Are the procedures different after
the warranty period?

8. Areany partsrecycled?

9. Who paysfor disposal? If the US government (SPO), then what amount, if any, wasin the contract?
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Step Three - Summarizing the ESH Costs

ESH Value Cost Summary

Some of the costs mentioned, initially thought would be ESH related, upon further definition, turned out
to be operating costs. These costs are identified in the cost summary as “Not ESH Cost”.

Development:

Programmatic Environmental Assessment (EA): $80K
Two site specific EAs: $50K each for atotal of $100K - ESH Cost

Production:

O&

D&

SPO ESH staff: 1/4 staff year per year in Production (1993, 1994), 1/8 staff year (1995 — 1997) -
ESH Cost

Production Contractor identified ODSs and EPA 17 in drawings, documents, and TOs. $2.036M in
FY93% or $2.2M in FY97$ - ESH Cost

Safety training: %2 hour each year per person per year (test site ~60 people) - ESH Cost

M:

Estimated O& M of aterminal: approximately $400K/year - Not ESH cost

Depot ESH costs for electronic system: unknown at thistime. The amount of ESH cost for avionics
a the depot was relatively small. Some percentage of the Depot business is related to ESH
regulations, requirements and use of hazmats in the electronic system maintenance, but the percent
attributed to this terminal has not been tracked.

Battery disposal per terminal: 5 NiCad batteries per terminal disposed of each year each weighing
approximately 1 Ib. - disposal cost is approximately $0.43/Ib - rate varies per DRMO site (where
terminal isfielded) - ESH Cost

Radome re-paint: $2000 to repaint a radome (Not All ESH Cost — some percent of this cost is
associated with ESH precautions and regulations)

D

Radome disposal: currently there is no disposal plan but an engineering assessment is that the
radome will be ground up and compact after removing the base aluminum ring;

TWT disposal: per overseas vendor - cost unknown at thistime - ESH Cost

Electronics disposal cost (lead solder issues) - ESH Cost

The table below displays the Programmatic ESH Costs. Values have been rounded to the nearest 1000
dollars. Vauesarein FY97$.
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Programmatic ESH Cost Prior Yrs 1993 1994 1995 1996 1997 Total
KTR ODS Identification 2,203 2,203
Programmatic EA 80 80
Site EAs 100 100
Environmental Engineer(s) 40 40 40 20 20 20 180
Safety Training — Test Site 2 2 2 2 2 12
Total (FY97$K) 220 2,246 42 22 22 22 2,575

Table 20, Summary of ESH Related Costsin FY97$

O&M Costs: Estimated annual O& S budget for 1997 is $400K per terminal. On a per terminal basis,
only the annual battery disposal cost has been identified. Further research is needed to establish the
0& S cost for ESH of the electronics system at the depot and an operational Site.

Remar k<L essons L ear ned

A terminal test site was visited to gain insight into the operations and maintenance of the terminal and the
use of HAZMATS during this segment of O&M. This site visit was beneficial because it provided the
cost analyst with the visual picture of what the weapon system is and what potential problems could
occur. Becoming knowledgeable about the weapon system prior to any site visit is strongly
recommended. Obtain copies of documents such as the CARD and Environmental Assessment and
formulate questions to ask of the environmental engineer and operations staff. In many cases, the
environmental coordinator at the site is a contractor personnel. It is important to get their contracting
officer's approva well in advance so that you can get the data from the coordinator. Another
recommendation is that the cost analyst become familiar with the pertinent laws and regulations that may
affect the program. Contact the program office pollution prevention or environmental representative for
insights into regulatory concerns.

These terminals are sited on both air and ground locations which made tracking of disposal issues
difficult (as many sites have different DRMO office locations). The TWT is supplied by an overseas
vendor, so the vendor’s host country’s environmenta rules and regulations apply to the manufacturing
and disposal process.

Overall, the researchers found that the ESH costs associated with most electronic boxes are insignificant
when compared to the total costs over the life cycle of the system. Remember the D&D and O&M ESH
costs have not been captured in this study.
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Appendix B — Trade Studies
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Hush House Fire Suppression System Modification Program

Summary

This example will attempt to demonstrate the manner in which effective integration of ESH costs in both
trade studies and PCEs can significantly influence and support Program Manager’s informed management
decisions. Halon 1301 is a Class | Ozone Depleting Substance (ODS) and has been out of production
since 1995. Most of the 100 Hush Houses in the United States inventory use almost 3,000 pounds of
Halon 1301 each for fire suppression. A number of inadvertent discharges recently resulted in the search
to develop a modification program to replace the Halon 1301 systems with a more supportable and cost
effective fire suppression system. Twenty-three potential fire suppressants were initially reviewed that
could possibly meet the technical and cost requirements. These were screened down to four final
candidates. Hydroflorocarbon (HFC) 227ea, HFC 23, Inert Gas, and Aqueous Film Forming Foam
(AFFF)/Clean Gas. A detailed analysis was then performed on the final four alternatives that determined
the Inert Gas was the most cost effective fire suppressant over the life cycle of the system. Four key
issues were noted in this example. The cost analyst was an integral part of the Integrated Product Team
(IPT); ESH cost contributions were significant contributions to informed decision-making during the
trade study; Life cycle cost information (including ESH contributions) was available but not necessarily
in the program office and; A computer-based life cycle cost model was not required to develop quality
life cycle cost estimates.

Step One — Define and Plan the Trade Study
Establish the Technical Basdline to be Estimated

Background Information

Hush Houses are large hanger-like structures that are used to minimize noise pollution from aircraft
engines. Aircraft engines are run in Hush Houses to ensure flight worthiness after an engine overhaul or
maintenance action. Because Hush Houses support maintenance, they are managed as special purpose
maintenance equipment. There are three types of Hush Houses: T-9, T-10, and T-12. These vary in size
and quantities in the inventory with the T-10 being the largest and most numerous.

The T-9 is actually a test cell for testing large aircraft engines (e.g., C-135, C-17, and C-5). There are
twenty-three T-9s subject to modification in the inventory. The T-10 can accommodate a fighter aircraft
or an engine on a test stand. There are eighty-five T-10s subject to modification. The T-12 is a smaller
version of the T-10 and can accommodate trainer aircraft. There are six T-12s, adl of which are
candidates for modification.

The probability of a fire is most significant after an engine overhaul or major maintenance action. A
Halon 1301 fire suppression system is installed in Hush Houses to protect the cockpit maintenance
personnel controlling the aircraft engine, the aircraft, and the Hush House structure itself. Halon 1301 isa
Class | Ozone Depleting Substance (ODS) and has been out of production since 1995. Most of the one
hundred Hush Houses in the inventory have almost 3,000 pounds of Halon 1301 installed for each
system. At current prices, the replacement value of this Halon is over $100,000 per Hush House.
Recently, a number of inadvertent discharges resulted in the User Maor Commands (MAJCOMS)
requesting the Hush House Single Manager (SM) to develop a modification program to replace the Halon
1301 systems with a more supportable and cost effective fire suppression system.

The Hush House SM formed an Integrated Product Team (1PT) comprised of representatives from User
MAJCOMSs and specidlists in systems engineering, fire protection, environment, safety, health, and cost
estimating. The cost analyst participated in al IPT meetings to ensure other members considered life
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cycle cost considerations in their analyses and to ensure he understood the technical issues that affect life
cycle cost. The IPT generated a series of analytica and management documents that will support an
informed Air Force decision to replace the Halon 1301 fire suppression system with the most cost
effective system. The documents included a draft Operational Requirements Document (ORD); Analyses
for Fire Hazards, Environmental, Safety, and Health; a Life Cycle Cost Report; and a Single Acquisition
Management Plan (SAMP).

Alternatives Considered

Due to the time constraints imposed by the operational need to replace the Halon 1301 systems, the SM
identified certain narrowing criteria:

The candidate system must meet the draft ORD

Only commercially available candidates would be considered

Only candidates that met the current EPA Significant New Alternatives Policy (SNAP) for Halon
1301 replacements in normally occupied spaces would be considered (when operating, there will be at
least one person in the hush house)

Only candidates that would pose no increase in ESH risks over those imposed by Halon 1301 would
be considered (per AFI 32-7086)

Table 21 lists the initial twenty-three potential fire suppressants that could possibly meet these
requirements.

The IPT first did an overall technical and life cycle cost assessment (i.e. trade study) of these initial
twenty-three chemicals to include a general assessment against the SM’s identified requirements. The
trade study eliminated (“screened”) all but four aternatives. Inert gas candidates were combined into a
representative suppressant (1G-541) because they had similar characteristics. Some were eliminated
because they did not meet performance requirements. One tended to suppress the fire too dowly and
could result in the safety-related loss approaching $100M (e.g., loss of an F-22). Others were eliminated
because they were too toxic for a normally occupied area and were not approved for occupied areas under
the EPA SNAP. Two were eiminated because dispensing systems were not considered Commercial-Off-
The-Shelf (COTYS).

The IPT next conducted detailed analyses on the fina four candidates. Conceptua designs were
postulated to establish the technical baseline. From this technical baseline, a WBS structure was
established.

Determine the Appropriate WBS for the Estimate

Table 22 is the detailed WBS used for this program. This structure provided the detailed life cycle costs
for each of the final four candidate suppressants and will be used to build the Program Objective
Memorandum (POM) submission for this modification program. ESH costs were not as significant in this
step because these suppressants had aready passed the first screening and were judged effective, safe, and
environmentally friendly (in arelative sense). All costs are for the inventory of the various types of Hush
Houses and are constant FY 98 dollars.
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Candidate Suppressant

Madethe Final Four Candidate List

Rationale For Elimination

HFC-227ea

Yes

HFC-23 Yes

HFC-125 No Not on SNAP for occupied
area

HFC-236fa No Not on SNAP for occupied
area

CFR3I No Not on SNAP for occupied
area

PFC-218 No Not on SNAP for occupied
area

PFC-410 No Not on SNAP for occupied
area

PFC-614 No Not on SNAP for occupied
area

1G-541 Y es (one representative |G was used, |G-

541)

1G-55 Y es, see note above

1G-01 Y es, see note above

1G-100 Y es, see note above

CO2 No Not on SNAP for occupied
area

Water Mist No (still pending additional data)

Water Sprinkler/Deluge No Effectiveness

AFFF No Effectiveness

AFFF with ABC Dry No Effectiveness

Powder

AFFF with PKP No Effectiveness

AFFF with CO2 No Effectiveness

AFFF with HFC-227ea Yes

HEF No Fire out time

ABC Dry Powder No No COTS Fooding System

PKP No No COTS Fooding System

Table 21, Initial Trade Study (Screening) Results of Candidate Suppressants
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Table 22, Hush House Fire Suppressant Life Cycle Cost Structure

B-5

Alternative Suppressants HFC 227ea HFC 23 Inert Gas AFFF/Clean Gas
Hush House Types T-9 T-10 T-12 T-9 T-10 T-12 T-9 T-10 T-12 T-9 | T-10 | T-12
Initial Materials 731,000 9,945,000 281,700 714,000 9,066,695 319,998 952,000 12,155,000 342,000] 1,077,800 13,472,500 399,420
Initial Installation 731,000 9,945,000 281,700 714,000 9,066,695 319,998 952,000 12,155,000 342,000] 1,077,800 13,472,500 399,420
Heaters 0 0 0 0 0 0 0 0 0 34,000 170,000 12,000
Oil Water Separator 0 0 0 0 0 0 0 0 0 0 0 0
Initial Agent 748,000 9,945,000 281,700 714,000 9,066,695 318,000 189,635 2,433,975 67,836 100,640 1,258,000 37,296
NET 61,200 306,000 21,600 61,200 306,000 21,600 0 0 0 0 0 0
Testing 100,000 100,000 100,000 100,000 100,000 100,000 45,000 45,000 45,000 100,000 100,000 100,000
Procurement 2,371,200] 30,241,000 966,700] 2,303,200] 27,606,085] 1,079,596] 2,138,635] 26,788,975 796,836 2,390,240 28,473,000 948,136
Maintenance
Periodic Agent Servicing 0 0 0 0 0 0 0 0 0 0 0 0
Utilities 0 0 0 0 0 0 0 0 0 0 0 0
Refilling-Accidental Discharge 7,480 99,450 2,817 7,140 90,667 3,180 1,896 24,340 678 1,006 12,580 373
Preventative Maintenance 51,000 255,000 18,000 51,000 255,000 18,000 42,500 212,500 15,000 85,000 425,000 30,000
Six Month Op. and Pre-test 13,600 68,000 4,800 13,600 68,000 4,800 13,600 68,000 4,800 13,600 68,000 4,800
Total Maintenance Costs 72,080 422,450 25,617 71,740 413,667 25,980 57,996 304,840 20,478 99,606 505,580 35,173
Environmental Costs
Chemical Treatment 0 0 0 0 0 0 0 0 0 10,200 51,000 3,600
Permits 0 0 0 0 0 0 0 0 0 0 0 0
Other Environmental Costs 0 0 0 0 0 0 0 0 0 17,000 85,000 6,000
GWP Costs 39,352 196,759 13,889 39,352 196,759 13,889 0 0 0 39,352 196,759 13,889
Total Environmental Costs 39,352 196,759 13,889 39,352 196,759 13,889 0 0 0 66,552 332,759 23,489
Safety Costs
Potential Loss (equipment) 0 0 0 0 0 0 0 0 0 0 0 0
Potential Loss (personnel) 0 0 0 0 0 0 0 0 0 0 0 0
Training For O&M 17,000 85,000 6,000 54,400 272,000 19,200 17,000 85,000 6,000 20,400 102,000 7,200
Downtime 0 0 0 0 0 0 0 0 0 0 0 0
Externalities 0 0 0 0 0 0 0 0 0 0 0 0
Total Safety Costs 17,000 85,000 6,000 54,400 272,000 19,200 17,000 85,000 6,000 20,400 102,000 7,200
Health Costs
Protective Clothing 0 0 0 0 0 0 0 0 0 0 0 0
Medical Treatment/Testing 0 25,500 1,800 0 0 0 0 0 0 0 0 0
Total Health Costs 0 25,500 1,800 0 0 0 0 0 0 0 0 0
Total Annual O&S 128,432 729,709 47,306 165,492 882,426 59,069 74,996 389,840 26,478 186,558 940,339 65,862
Total 0&S (20 years) 2,568,637| 14,594,185 946,118 3,309,837 17,648524] 1,181,378 1,499,927 7,796,795 529,567] 3,731,165 18,806,785 1,317,237
End Of Life Disposal Cost 73,100 994,500 28,170 71,400 906,670 32,000 95,200 1,215,500 34,200 107,780 1,347,250 39,942
Salvage Value Of Agent 0 0 0 0 0 0 0 0 0 0 0 0
Total LCC (FY 989%) 5,012,937| 45,829,685| l,940,988| 5,684,437| 46,161,279| 2,292,974| 3,733,762| 35,801,270| 1,360,603 6,229,185| 48,627,035| 2,305,315
Total LCC for total inventory
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The first block shows the four final candidate suppressants on the top line and the three types of
Hush Houses on the second line.

The second block shows the initial (non-recurring) costs associated with the procurement of the
fire suppression systems and includes acquisition of the system and suppressant, the cost of
ancillary equipment, the installation costs, New Equipment Training (NET), and first article
testing.

The third block contains the recurring Operational and Support (O&S) costs. ESH costs are
identified where applicable. Each suppressant and corresponding dispensing system had its own
ESH cost drivers. For example, Aqueous Film Forming Foam (AFFF) had some costs associated
with risks to the environment from Biochemical Oxygen Demand (BOD). The two HFCs had
some costs associated with Global Warming Potential (GWP) risks. The only heath costs
associated with the four were from accidental exposures at high operational temperatures from
HFC 227ea. Maintenance costs were the over-riding O&S cost drivers. The AFFF/Clean Gas
system had more moving parts (pumps, proportioners, valves, water tanks, concentrate tanks, etc.)
and tended to have higher maintenance costs of the four. The annual O& S costs are multiplied by
the projected twenty-year useful service life of the Hush Houses to arrive at the Total O& S costs.

The fourth block includes the one-time costs for disposal. The second line is listed as a “place
holder” for the potential salvage value of HFCs if they become controlled substances under any
future Global Warming regulations. This situation would be analogous to the significant increase
in the value of Halon 1301 since the Clean Air Act Amendments of 1990 went into effect. As
production ceased in this country and domestic users were unable to import Halon 1301 under the
law, the cost of a pound of Halon 1301 went from approximately $5 per pound in 1989 to $35 to
$75 per pound today — an excellent example of the “Supply and Demand” principle. Until Global
Warming Gases are regulated, there is no way to know if the HFCs will have a salvage value. In
contrast, if any new Globa Warming regulation mandates the destruction of HFCs, there could be
adisposal cost impact. Because both possibilities are real but speculative, entries are included at
thistime.

The fifth block sums the totals for blocks two, three, and four. The last ling, “ Total LCC for total
inventory” represents the total life cycle cost for each of the four candidate suppressants. These
entries are the totals for the three types of Hush Houses.

Step Two — Specify Estimating M ethodology

Data Sources, Data Collection, and Data Evaluation

In the trade study phase, a number of sources were used to assess overall cost impacts associated
with each of the twenty-three initial candidates. These sources are shown in the table below
along with the information each provided. Probably the most important data collected were the
actuals from the on-site visits to five Hush Houses and from the surveys of commercia users of
similar structures. Also of importance was the after action reports of actual Hush House fires and
damage estimates. Two examples of how these data were integrated to influence informed trade
study decisions are provided for illustrative purposes:

Example #1 - Factors based on actua fire data to assess projected loses of new aircraft.

Hush House fire data from the DoD Fire Mishap Database date back as far as 1987 and therefore
the associated loss costs reported must be escalated for inflation. These costs must aso be scaled
for the higher costs of more complicated/expensive aircraft/engines at risk in the Hush Houses
today and over the next two decades. In addition, increased fire damage susceptibility of
composite aircraft when compared with existing metal aircraft must also be considered.
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Sources Data Obtained

AFl 65-503 Cost & planning factors to support O& S labor costs

AFl 91-204 Costsfor personndl injury, illness, and fatalities for safety and health-related cost estimates
MIL-STD-882C Methodology for assessing probability versus severity and the related costs

SMC LCC Guide Provided insight and guidance for conducting effective LCC estimates

Joint Group on Acquisition Pollution
Prevention (JG-APP)

When completed JG-APP will provide a DoD-wide methodology for conducting ESH portions of
LCCs

On-site visits

Actual costs associated with Procurement and O& S of current fire suppression systems

DoD Fire Mishap Database

Actual fire losses from which aircraft value versus projected damage factors were established

Aircraft Program Offices & SAMPs

Current estimates for aircraft costs used for loss projections

Engine Program Office

Current estimate for aircraft engines used for loss projections

Hush House Technical Orders

0& S requirements associated with maintenance intervals used for recurring maintenance costs

Surveys of Commercia Users and Suppliers

Actual installation and O& S costs of similar structures from which analogies could be drawn

Table 23, Sources and Data Obtained from Each
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For example, the 1992 aircraft fire report lists the total value of the aircraft at $39,000,000 with a loss of
$200,000. Assume this aircraft was a metd aircraft (e.g., F-15, F-16, etc.). The fire damage ratio for this
fire scenario is .5%. Thisis arrived by calculating the ratio of “damage incurred” to “aircraft value” (i.e.,
$200,000/$39,000,000). For a similar fire involving a more expensive aircraft (such as the F-22), the
projected damage is $493,000. Thisfigure is arrived by multiplying the “fire damage ratio” (i.e., .5%) by
the “aircraft value’ (i.e., $98,500,000 from the latest SAMP). This calculation is conservative because it
assumed a linear extrapolation of metal aircraft damage to composite aircraft damage for the same fire.
Analyses concluded that composite aircraft could experience significantly more fire damage than metal
aircraft for the same fire scenario. Even if a 10% damage increase was assumed for composite aircraft
compared to metal aircraft, the projected damage would be $542,000 (i.e., $493,000 + [$493,000x.10]).
In addition to this tangible cost risk, the intangible costs to the Air Force from the loss of a new F-22 or
Joint Strike Fighter (JSF) prototype in a Hush House fire could be significant. Programmatic risks
associated with this intangible loss must be a consideration in the informed decision dealing with how and
when to implement the Hush House fire protection effort.

Example #2 - Factors for health |osses associated with exposure to burning composites.

One-time $7,000 health-related costs are associated with First Responders exposures to aircraft
composite pyrolysis products. Thisis based on the F-117 crash and fire in Baltimore, Maryland. Fifteen
First Responders were hospitalized for one day and released [15 people x $466/day from AFI 91-204].

Selection of Estimating Methodology

An activity based management and cost estimating methodology was selected based on the following
reasons. Firgt, the knowledge that no single computer-based model existed to support the effort and
second, the requirement to include direct as well as indirect life cycle costs. A “stubby pencil” approach
was used that provided a quality estimate from which an informed decision could be made.

Step Three— Summarizing Life Cycle Cost Driversand Supporting Informed Program Decisions

After the initia screening, the PCE was generated on the four final candidates. The PCE used an activity
based management and cost approach. This approach provided the necessary framework and mindset to
determine direct as well as indirect life cycle costs. The SM will use the PCE to generate a POM wedge
for this modification program.

The PCE provided the necessary information for the Financial Management section of the Program’'s
SAMP and served as the foundation for the POM submission data. The trade study and PCE are critical
steps in the final cost estimating products in support of informed decisions. The ESH life cycle cost
contributions to the overall PCE were minimized by a thorough and well-executed trade study effort.
Without this trade study effort, the choice of the wrong suppressant could have resulted in a safety-related
loss that is twice the value of the current PCE.

Remarks

The Hush House Fire Suppression System Modification Program provides a good example of integrating
ESH life cycle cost considerations into the trade study process and the overall PCE. This program
demonstrates the importance for the cost estimator to be fully integrated into the IPT. Lastly, this
program demonstrates that the lack of a computer-based model does not preclude effective life cycle cost
estimates. Following are key issuesto note realized from this trade study.
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The cost estimator was an integral part of the Integrated Product Team. This brought about
two important results. First, the cost estimator ensured the technical members of the IPT
considered life cycle costs (to include ESH contributions) in their analyses supporting the trade
study. Second, the cost estimator became familiar with technical issues that could drive the life
cycle costs. The cost estimator in this case had no technical background in fire fighting or Hush
Houses but gained sufficient knowledge from the IPT to generate a quality estimate.

ESH cost contributions were significant inputs to informed decison-making during the
trade study. Safety-related life cycle cost drivers dwarfed al other life cycle costs (even
environmental and health life cycle costs combined) during the trade study portion of the effort.
A safety-related loss approaching $100M was identified. This loss was likely with some of the
candidate suppressants considered in the trade study. This impact is more than double the entire
life cycle cost of more effective suppressants.

Life cycle cost information (to include ESH contributions) was out there — but not
necessarily in the program office. The cost estimator had to collect data from a very wide range
of sources. The technical members of the IPT played a critica role in “pointing” the cost
estimator in the right direction. This integration and interface of the cost estimator with the
technical members of the IPT saved time during the data collection phase and resulted in a higher
quality estimate than if the cost estimator had to research this information from scratch.

A computer-based life cycle cost model is not required to develop quality life cycle cost
estimates. This life cycle cost effort was done without reliance on a computer-based life cycle
cost model. A single model for determining life cycle costs, particularly the ESH-related portion,
does not exist. Most life-cycle models are focused on environmental life-cycle costs. The United
States Army Center for Health Promotion and Preventative Medicine (USACHPPM) developed a
health-related database that provided the best data for health costs. No DoD safety-related life
cycle cost model exists.
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Coating Removal Process for Helicopter Remanufacture

Summary

The purpose of this trade study was to integrate ESH costs and considerations into a cost-benefit analysis
comparing the FLASHJETA process, bicarbonate of soda system (BOSS) and a conventional liquid
chemical stripper for coatings removal on the remanufacture of the Apache (AH-64) model helicopters
into the Longbow models. A simple comparison analysis of the cost and technical evaluation criteria was
utilized to determine the “optimum” alternative. The selection of the FLASHJET& process was an
excellent example of how pollution prevention and worker safety can be incorporated into a
manufacturing process that reduces production costs.

Step 1 - Define and Plan the Trade Study
Establish the Technical Baseline to be Estimated

Background Information

With the growing concern in industry over environmental, safety, and health issues, all aspects of
aerospace processing are being reviewed for safer ways of producing aircraft. One process under intense
study is the removal of coatings from aircraft and aircraft parts. Whenever a surface requires recoating,
whether due to damage, wear, or weight concerns, the old coatings must be removed to provide a surface
on which the new coating can adhere. In the past, paint removal has required toxic chemicals or some
mechanical abrasion. The chemicals used have included methylene chloride and phenol. Mechanical
abrasion involves manual sanding or abrasive blasting. These processes are labor intensive. They also
generate large amounts of hazardous waste and can be unsafe for personnel performing the work. New
environmental rules are constantly being promulgated in the air, water, and waste disposal areas. These
new rules are making it increasingly difficult and expensive to use liquid strippers and then dispose of the
waste they generate. The National Emission Standard for Hazardous Air Pollutants (NESHAPS) for the
aerospace industry, promulgated in September 1995, prohibits the emission of non-exempted organic
hazardous air pollutants from chemical strippers or softeners. In the future, liquid strippers may only be
allowed for touch-up work and not for use in full-scale stripping. As workers become more aware of the
nature and hazards of stripping media, they are justly demanding more and better Personal Protective
Equipment (PPE). Acceptable PPE for liquid and abrasive stripping includes a sealed suit, gloves, boots,
and a helmet supplied with breathing air. Care must be taken to monitor personnel 